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1.1 Introduction
Genotoxicity is the capacity of an agent to cause damage to the genetic
material; DNA, chromosomes and mitotic spindle either directly by binding
covalently to DNA or indirectly by generating the reactive oxygen intermediates
(ROIs) that attack DNA or interfere with DNA repairs. Genetic damage when
insufficiently repaired can be manifested as mutation in the DNA sequence – as the
gene mutation, as chromosomal mutation or as genomic mutation. The objective
while studying genotoxicity includes assessing direct changes in the genetic material
(DNA), elucidation of mechanism involved and evaluating inducible mutations or
carcinogenicity (Jha, 1998; Harris, 1991). The mutations, both in somatic and germ
tissues, can be studied separately or in conjunction (Rapley et al. 2004). Genotoxins
that induce such events are those substances that induce changes to the structure of
chromosome or genes via chemical interaction with DNA or non-DNA targets (De
Lapuente et al. 2015). The term genotoxicity is therefore, generally used unless a
specific assay for mutations is being discussed.
Considering the intrinsic ability to induce genotoxicity, the chemicals can be
categorised as I and II (Glynn et al. 2008). Category I chemicals induce heritable
changes predominantly the heritable mutations and Category II chemicals are
suspected to have such possibility (Glynn et al. 2001). The organochlorines, specially
dichloroethane (EDC) and dichlorophene (DCP) belong to category II. There are
initial reports of exposure to these compounds in human beings (Kleanthi et al. 2008;
Minh, 2004). In agricultural settings, an increasing number of pesticides, fungicides
and herbicides have shown to elicit adverse genetic responses in non-target
populations (Colborn, 1994). It has equally wide use in industrial, fungicidal and
vermicidal applications also (Kumar et al. 2010; Eddleston et al. 2002). Given to the
broad uses of organochlorines generally, and dichloroethane and dichlorophene
particularly, qualify for closer scrutiny.
India being the second largest manufacturer in its region; ranked 12th globally,
has no encouraging monitoring outputs. The population engaged in agriculture is
supposed to have serious exposure to pesticides (Gupta, 2004). Whatever assessment
is available, the data indicates that a large number of food and feeds are contaminated
with the persistent organochlorines, which is not an encouraging situation. The
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accumulation in mammals from the ingestion of feeds is very serious (Vohra and
Agarwal, 1999). The immediate effect of the acute toxicity of many of these
chemicals is limited. The International Agency for Research on Cancer (IARC)
involved in such studies has classified 56 pesticides as carcinogenic to laboratory
animals. Many more are needed to be screened (IARC, 2002) and – where ever some
data reported on risk assessment is available, it is conflicting. Meta–analyses showed
that farmers using such pesticides are at greater risk of specific tumours, including
delayed effects which are not fully appreciated yet (Zahm et al. 1998, 1997; Daniels et
al. 1997; Khuder et al. 1997). That brings us to the need of genotoxic assessment,
more than even before.
Convenient methods to study mutagenicity are many, some include
chromosomal alteration and DNA damage (Abell et al. 2000; Rojas et al. 2000;
Dearfield et al. 1999). Of the two types of exposures; on the acute toxicity, only a few
cytogenetic studies are available, on chronic low doses, baring some cytogenetic
monitoring in human, the documented reports are even fewer. Whereas, a significant
incidence of cytogenetic damage evidenced by chromosomal aberration (CA) and
micronucleus (MN) frequency is reported in people involved in agriculture and
forestry (Kumar and Panneerselvam, 2008; Anonymous, 2001; Bolognesi and Merlo,
1995). However, these findings have not been substantiated by other studies and the
inconsistencies may reflect different exposure conditions (Battershill et al. 2008;
Dearfield et al. 1993). Therefore, a number of factors like pesticide consumption, their
mixture, amount, and mode of application need to be specified accurately. The studies
using a single pesticide are more conclusive for genotoxic effects than a mixture of
compounds (Garry et al. 1992; 1989). Organochlorines, the focus of this study have
not been reported much to be used as mixtures.
1.1.1 Use of Organochlorines
The organochlorines abbreviated as OCs are groups of synthetic chemicals
which include polychlorinated biphenyls (PCBs), dibenzo–p–dioxins and
organochlorine pesticides. These are characterized by their cyclic structure, number of
chlorine atoms, low volatility and have long been in use in agriculture and pest
control management. Concern over their environmental persistence and possible
health effects led the U.S. Environmental Protection Agency (EPA) to restrict or even
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completely ban their use. But, these compounds continue to be employed in several
developing countries including India (Gorman and Tynan, 2003). Since
organochlorines are lipophillic, breast milk is the major source of exposure to infants
(Baird and Cann, 2004), and hence a great cause of worry.
The major route of exposure to organochlorines is through food. The
bioaccumulation of organochlorines in fish and other animals which are in greater use
of human consumption is of particular concern (Snedeker, 2001; Hall, 1992). The
other route is through the long term exposure usually by regular skin absorption of
cosmetic products containing organochlorines and endocrine disrupters (Darbre,
2006; Donovan et al. 2007). Evidence shows that mammals are more susceptible to
organochlorines and other persistent organic pollutants during fetal and neonatal
period than adulthood (Sweeney, 2002).
1.2 Organochlorine Toxicity
1.2.1 Effects on Human Health
The organochlorine compounds are linked with many serious effects on health
of human beings and wildlife populations (Safe, 2004; Brody and Rudel, 2003). Many
disorders of reproductive system, infertility, carcinogenicity, developmental toxicity,
neurotoxicity and immunotoxicity are documented as being caused by the
organochlorine exposure (Toft et al. 2005; Teilmann et al. 2002; Skakkebaek et al.
2001). Dioxins and tetrachlorodibenzo–p–dioxin are specially noted as human
carcinogen (EPA, 2001). The ability of organochlorines to alter the levels of certain
hormones, enzymes, growth factors and neurotransmitters, may partially explain some
of these effects. The strongest reason assigned for this behaviour is the exposure to
organochlorines in crucial period of the organogenesis when immune and
detoxification systems of foetus are not fully developed (Crisp et al. 1998). The other
more specific effects of the organochlorines include:
1.2.2 Endocrine Disrupting Effect
The organochlorines are known for disturbing the balance of endocrine
system– hence called endocrine disrupters (Nicolopoulou and Pitsos, 2001). Other
disrupters are environmental hormones, ‘synthetic hormonally active agents’ (HAAs)
and xenoestrogens. Such chemicals bind to specific hormone receptors and block the
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attachment of endogenous hormone to its receptor (Shelby et al. 1996; Soto et al.
1995). Besides, disrupters can affect the pattern of synthesis and production of
endogenous hormones or change their structure and modify metabolism and also
change the number of hormone receptors (Negri et al. 2003; NRC, 1999).
1.2.3 Organochlorines and Gene Interaction
Organochlorines are the strong inducers of key genes responsible for
metabolism of steroids and xenobiotics (Masson et al. 2005; Zhang et al. 2004). A
proposed reaction mechanism of organochlorines with DNA involves the cytochrome
CYP1A1 gene (Masson et al. 2005). The binding of organochlorines with certain
receptors triggers the expression of gene CYP1A1 which encodes the enzymes
involved in the metabolism of organochlorines. Metabolism of organochlorines within
adipose tissue can generate reactive oxygen intermediates that cause oxidative
damage to DNA and generate DNA mutation (Li et al. 2004). The organochlorines
have the ability to induce enzymes involved in the metabolism of several chemical
carcinogens and hormones. Higher levels of organochlorines have been linked to
breast cancer in certain cases leading to another related and highly sensitive research
area called carcinogenicity (Li et al. 2004).
1.2.4 Carcinogenic Effect of Organochlorines
Chemical agents are categorised from class I to class IV on the basis of their
severity (Brody and Rudel, 2003; IARC, 2003). The EPA also used an almost similar
classification scheme for derivatives of organochlorine compounds from ‘proven’ to
‘probable’ carcinogens (EPA, 1998). Although not many, but in few animal studies,
high doses of PCBs indicates tumorigenic and carcinogenic effects (Faroon et al.
2001). The concern that environmental organochlorines may cause cancer is not alien
(Weiderpass et al. 2000). A significant increase in the incidence of cancer has been
observed, especially for hormonally related cancers such as breast, endometrium,
prostate and testis cancer (Charlier et al. 2003; Cocco, 2002). The endometrial cancer
came under scanner to be related to organochlorines (Garcia, 2003).
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1.3 Cytotoxicity of Organochlorines
The primary storage site of organochlorine in the body is adipose tissue and
are metabolized in liver (Khan, 2014). Kurutas and associates (2001) suggested that
free radicals generated during oxidative stress cause lipid peroxidation of cell
membranes, that could be prevented by antioxidant enzymes. Many workers evaluated
the presence of cytotoxicity symptoms using histopathology and typical
morphological changes as indicative of cell injury (Vasquez, 2010; Burlinson et al.
2007; Cotran et al. 1999). Employing enzyme profile along with the definite
pathology in livers of exposed rats appeared as a good combination of genotoxicity
assessment of organochlorine (Vijayaraghavan and Nagarajan, 1994) and the
feasibility of this was confirmed in dermally absorbed chemicals (Wolkers et al. 2008;
Luty et al. 1998). Some pesticides has been reported to induce apoptosis and necrosis
of human peripheral blood lymphocytes in in vitro conditions (Das et al. 2006). A
chronic exposure by endosulfan, a widely circulated and equally controversial
compound, to liver and blood cells reinforce the above outcome (Manjula et al. 2006;
Choudhary et al. 2003). There are many studies proving histopathological and
apoptotic effects supplementing the genotoxic effects in a comprehensive manner
(Zhao et al. 2009; Dutta et al. 2008; Oral et al. 2006; Fox, 2001).
1.4 Parameters in Genotoxic Studies
1.4.1 Cytogenetic Assays
The information regarding the genotoxic nature of dichloroethane and
dichlorophene by some of the methods discussed above is not enough so there is an
immediate need to exclusively evaluate the effects of these compounds. To begin
with, some parameters like chromosomal aberration assay (CA), mitotic index (MI),
micronucleus test (MNT) and histopathology have been undertaken for initial
indications of cytotoxic effects. These tests are specially recommended in rodent
erythrocyte in peripheral blood or bone marrow. Effective in vivo studies on
genotoxic potential of other compounds belonging to this family are successfully
accomplished (Eastmond et al. 2009; Blakey et al. 2008; ICH, 2008). Even though the
MN is considered as surrogate measure of structural and numerical CAs, it is
considered as a bridging biomarker of genotoxic exposure (Recio et al. 2010;
Introduction And Review Of Literature Chapter 1
6
Dertinger et al. 2007); and more importantly, it is indicative of increased cancer risk
(Bonassi et al. 2007). Certainly, the most reliable genotoxicity evaluation in mammals
would be to combine CAs and MN (Prasad et al. 2009). In this respect, attention on
CAs is regarded as an early warning signal for neoplastic development (Hagmar et al.
1998; Bonassi et al. 1995); but later qualitative and quantitative analysis is prepared
for clastogenic activity (Dimitrov et al. 2006). The MN assay in conjunction with CA
can give clues for both clastogenic damage and damage to the mitotic apparatus with
aneugenic consequences and the MI assay, even now, is considered useful for
mammalian system. It is the simple method to characterize proliferating cells and
identify compounds which inhibit or induce mitotic progression. Recently, Eroglu
(2009) showed MI as an effective measure to indicate the proportion of cells in the
M–phase reflecting cellular death or delay in the cell proliferation kinetics.
1.4.2 Molecular Techniques
A compound cannot be judged accurately by any single parameter and the
multiple genetic assays is a standard protocol; therefore, of late, some protocols
directly endorsing DNA damage following chemical insult have been favoured. The
comet assay is one such test, most suitable and fast for assessing DNA damage with a
great potential in biomonitoring (Muid et al. 2012). Comet assay is a sensitive method
for detecting single/double-strand DNA breaks, alkali labile sites, DNA cross-links,
base/base-pair damages and apoptotic nuclei. It is available to suit numerous
variations and applications, provides answers to important questions concerning the
background levels of DNA damage in normal and abnormal cells. It is equally
successful in finding variation in repair capacity within the human population and
regulation of DNA repair at the molecular level within the nucleus. In vitro studies
using human lymphocytes by Jamil et al. (2005) with a greater focus on
organochlorine pesticides bear testimony to the fact that comet assay is a sensitive and
rapid method.
The detection of DNA damage at the level of an individual eukaryotic cell
warrants high significance in the fields of toxicology, genotoxicity testing,
pharmaceuticals, environmental/human bio-monitoring and genetic disorder
diagnosis. Single cell gel electrophoresis (SCGE) or the comet assay is a versatile,
sensitive yet economical technique used to measure DNA damage in individual cells.
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In 1984 when Ostling and Johnson demonstrated DNA strand migration from nuclei
which were exposed to an electric field under neutral conditions (Ostling and
Johanson, 1984). Later, in 1988, Singh and his co-workers modified and optimized
the technique using alkaline conditions which substantially increased its specificity
and reproducibility (Singh et al. 1988). Since then, SCGE has gained the status of a
standard technique for the assessment of DNA damage and repair. There has been
constant innovation and modifications in the procedure which led to an array of
different forms of comet assay such as alkaline comet assay, neutral comet assay,
enzyme linked comet assay, fluorescent in situ hybridization comet assay (FISH-
comet) and lysed cell comet assay (Patil et al. 2015). However, the most popular
technique and widely used method for the assessment of DNA damage is the alkaline
comet assay. The principle belying the alkaline comet assay is that of a treatment of
agarose-embedded cells with hypertonic lysis solution wherein non-ionic detergent
removes their cell membranes, cytoplasm, nucleoplasm and dissolves nulceosomes.
Subsequently, when the leftover nucleoid is treated with high alkaline solution, DNA
supercoils unwind and relax, thereby exposing the alkali labile sites (apurinic as well
as apyrimidinic sites) which appear as DNA strand breaks. Such breaks migrate
towards the anode when exposed to electric current during electrophoresis producing
a ‘comet’-like appearance. A higher alkali concentration substantially improves the
resolving power of the assay. It has now become more versatile as a wide range of
samples including peripheral blood, cultured cells, buccal mucosal cells, solid tumor,
cancer cells, yeast cells, sperm, bacteria etc. can be subjected to SCGE.
Continuous efforts have been made to identify genotoxic agents, to determine
conditions of harmful exposure and to monitor populations that are excessively
exposed (Maluf and Erdtmann, 2000). During the past few years, there has been a
great interest in developing rapid and economical tests to identify the effects of
exposure to environmental agents that can affect the health due to DNA damage.
Therefore, the focal aim of this technique in our study was DNA damage in peripheral
blood cells as it can be used as a biomarker of health outcome, measuring genetic
damage due to exposure that results from non-repaired primary lesions in
organochlorine exposure as there are no studies available in the literature with respect
to DCP and very few have considered EDC according to the current OECD guideline
for testing of chemicals.
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1.4.3 DNA Extraction
Given the fact that Organochlorines (OCs) are part of ubiquitous pollutants in
aquatic as well as soil environments, generated from anthropogenic activities and
intensively used in industrial processes and agricultural applications (Vijgen et al.
2011), it is necessary to follow its effects on DNA. The high stability for the majority
of the OC compounds generate serious problems in a variety of circumstances
(Miguel et al. 2014; Vijgen et al. 2011). The OCs contaminating most polluted sites
are complex mixtures of chlorinated solvents, chlorophenol, chlorobenzenes and
benzene (Braeckevelt et al. 2008; Feidieker et al. 1995).
Several studies have shown that environmental pollutant such as
organochlorine pesticides (OCPs) lead to preterm delivery (PTD), being considered as
the largest cause of prenatal deaths, neonatal morbidities, mortality and illness
(Sharma et al. 2013; Joseph and Kramer, 1996). According to a report of WHO, India
is on top of the list of countries with maximum number of preterm deliveries. It is one
of the top causes of infant mortality worldwide (Mustafa et al. 2010; Pathak et al.
2010; Abhilash and Singh, 2009; Wang et al. 2002).
As the methylation level of DNA of the leukocyte may be a suitable biomarker
for cancer risk, this level seems to be influenced by multiple factors, both
environment and host-related, one of which is exposure to environmental pollutants.
To date, three epidemiologic evaluations have examined associations between serum
OC levels and DNA methylation level; however, the findings are inconsistent (Itoh et
al. 2014) and the associations thus require confirmation in other well-characterized
manner. The association between OC exposure and the DNA level of liver tissues in
Wistar rats is another aspect tried in present endeavour.
Another important offshoot of the studies related to DNA is apoptosis, so
called programmed cell death occurs in two distinct stages; initially the cell undergoes
nuclear and cytoplasmic condensation and eventually breaks up into many membrane
bound fragments containing structurally intact organelles. The cellular fragments
called apoptotic bodies are then phagocytosed by the neighbouring cells and degraded
rapidly (Elmore, 2007; Schwartzman and Cidlowski, 1993). On the other hand,
accidental cell death, termed necrosis, occurs in response to a wide variety of harmful
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conditions and toxic substances including hyperthermia (Planeta et al. 2013; Buckley,
1972), hypoxia (Malhi et al. 2010; Laiho et al. 1983), ischemia (Kalogeris,
2012; Borgers et al. 1987), complement attack (Ateeq et al. 2006, Hawkins et al.
1972), metabolic poisons (Chakraborty et al. 2012; Trump et al. 1984), and direct cell
trauma (Khanna et al. 2001; Trump and Bulger, 1967). The early changes observed
during necrosis are swelling of the cytoplasm and organelles, dismissing assembly of
organelles, and the rupturing of plasma membrane thereby allowing the cellular
contents to leak into the extracellular spaces.
Apoptosis is the effect to be focussed as a plethora of biochemical changes
occur in apoptotic cells and of which the best characterized is the fragmentation of
chromatin into single or multiple nucleosomal units of 180 to 200 bp or their multiple,
seen as DNA ladder (Elmore, 2007; Cohen et al. 1992; Arends and Wyllie, 1991). The
DNA laddering resolved on agarose gel electrophoresis is now the accepted
biochemical hallmark of apoptosis (Mukund and Sivasubramanian, 2014;
Schliephacke et al. 2004). There are three different patterns of DNA degradation
which have been repeatedly observed in apoptosis. One or more of these may occur
during this progression in a single cell either as single strand breaks (Saraste and
Pulkki, 2000; Gorczyca et al. 1992), large DNA fragmentation of 50–200 kbp (Brown
et al. 1993; Cohen et al. 1994) and inter-nucleosomal DNA fragmentation. It is now
suggested that, in the early stages of apoptosis, single stranded DNA nicks take place,
followed by fragmentation into 50–200 kbp that finally break into nucleosomal
fragments, DNA size being wrapped around a histone octamer. The characteristic
ladder pattern obtained is observed at a later stage when most of the apoptotic cell
deaths occur and result in the cleavage of inter-nucleosomal linker DNA (Bastian et
al. 2013; Orrenius et al. 2010). Necrosis is being characterized by DNA fragmentation
resulting into the smearing pattern.
The literature survey, with special reference to EDC, has shown that the
desired chemical induces single strand breaks in the DNA fragments of Chinese
hamster ovary (CHO) cells (IARC, 1979); however, no such study has been reported
in case of DCP. The present study involved the induction of DNA damage in R.
norvegicus exposed to multiple sub-lethal concentrations of EDC and DCP at three
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specific durations. The study, thus need a priority to fill this lacuna, also aimed to
resolve DNA on agarose gel electrophoresis.
1.5 Flowcytometric Techniques
1.5.1 The Biological Cell Cycle
The cycle of increase in growth and division, followed by growth and division
of the daughter cells, is cell cycle which is exploited to observe many effects. The two
most obvious features of the cell cycle are; synthesis and duplication of nuclear DNA
before division and the process of cellular division itself – mitosis are sensitive to
chemicals. These two components of the cell cycle are indicated as the “S phase” and
“M phase” intervened by gaps G1 and G2 respectively between mitosis and the onset
of DNA synthesis, and between the completion of DNA synthesis and the onset of
mitosis. The typical cell cycle of G1 → S → G2 → M schematically shown in figure
1.1.
Source: www.abcam.com/protocols/flow-cytometric-analysis-of-cell-cycle
Fig. 1.1 A schematic of the cell cycle, showing flow cytometric components of each phase
When not in the process of cell division, most of the cells in our body remain
in the G1 portion of the cell cycle. The particular phase is thus numerically the
predominant phase of the cell cycle and shows up as the largest peak.
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1.5.2 Mitochondrial Biology, Genetics and Oxidative Stress
Mitochondria are organelles enclosed by a double membrane and are essential
for cell viability. These are the organelles which produce most of the cell’s energy in
the form of ATP by oxidative phosphorylation (Saraste, 1999). Most of the proteins in
mitochondria are encoded by nuclear DNA and imported into the organelles (Gray et
al. 1999; Wei, 1998; Poyton and McEwen, 1996).
The attention of biomedical researchers have long been attracted by
mitochondria because of their role in human diseases, being essential for ATP
production and susceptible to oxidative damage. Consequently, mitochondrial
dysfunction has been already suggested to be associated with many diseases. Further,
mitochondria are one of the major sources of reactive oxygen species (ROS) and are
also highly susceptible to oxidative damage because ROS production directly
damages mitochondrial enzymes, produce mtDNA mutation, and alter membrane
permeability of the mitochondria leading to cell death. Most of the studies suggest
that the majority of intracellular ROS production by nonphagocytic cells is derived
from mitochondria (Finkel, 2000; Sastre, 2000).
1.5.3 Mitochondrial dysfunction and cell death
Cell death, as explained earlier, has two fundamentally different forms,
apoptosis and necrosis. The latter is a passive process that occurs when a major
environmental damaging event produces cellular dysfunction irreversibly. This results
in swelling of the cell with breakdown of cell membrane and release of cellular
contents and is associated usually with an inflammatory response. On the other hand,
apoptosis is an active process involving cell shrinkage, cellular protein breakdown,
nuclear condensation and cleavage of nuclear DNA and more obviously no
inflammation (Honig and Rosenberg, 2000; Cummings et al. 1997).
The apoptosis research has undergone a change from a paradigm in which the
nucleus determines the process of apoptosis to the one in which mitochondria are a
major center of death control (Li et al. 2009; Joza et al. 2001; Aizenman et al. 2000;
Brenner and Kroemer, 2000). It is now evident that mitochondria are the center where
many different apoptotic signals converge. In many key events in apoptosis the focus
is on mitochondria, including changes in electron transport, mitochondrial membrane
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potential, altered cellular oxidation-reduction potential, release of caspase regulators,
and participation of pro- and antiapoptotic (Aizenman et al. 2000; Brenner and
Kroemer, 2000; Bernardi et al. 1999; Kroemer, 1999).
The three phases, as proposed by Remé et al. (2000) in his three-step model of
apoptosis, can be distinguished as an initiation phase, where signal transduction
events or pathway damages are activated, a decision phase wherein the cell decides to
commit suicide and a degeneration phase during which the proteins are released from
mitochondria causing the activation of programmed cell death through the activation
of caspases and nucleases (Costantini et al. 2000). During the decision phase
mitochondria integrate various death signals and execute the decision to die by the
release of proapoptotic proteins. The mitochondrial intermembrane space holds a
number of cell death-promoting factors, including cytochrome C, second
mitochondria derived activator of caspase, apoptosis-inducing factor (AIF) and
procaspases (Andrieu-Abadie et al. 2001; Joza et al. 2001). Our researches are
obviously as a latest approach in understanding the apoptosis more accurately.
1.5.4 Organochlorines and flow cytometry
Based on the analysis of cellular DNA content detected by a DNA intercalator,
propidium iodide (PI), flow cytometry has emerged as a powerful tool to reveal cell
distribution in the three major phases of cell cycle (G1, S and G2/M). It also allows to
quantify the percentage of apoptotic cells in the Sub G1 phase.
Among all the organelles involved in apoptosis, the role of mitochondria has been
deciphered the most in recent years (Chandel, 2014). This is due to the fact that
investigations have shown that after apoptotic stimulated permeabilization of the
mitochondrial outer membrane, a number of soluble proteins localized to the inner
and outer chambers translocate and serve as caspase activators in the cytosol or
stimulate the endonuclease activity in the nucleus (Landes and Martinou, 2011). It is
this release from the mitochondria that appears to be central to intrinsic apoptosis.
Thus, mitochondrial membrane potential (Ψm) integrity plays an important role not
only in the induction of apoptosis but also in the localization of various proteins into
the mitochondria for cell proliferation and survival.
The mode of action of organochlorines is linked to the activation of
mitochondrial intrinsic apoptotic pathway and to the perturbations in the cell cycle
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progression (Saquib et al. 2012). The universal model system such as eukaryotic
mitochondria could reveal the energetic mode of action during acute poisoning of the
metabolizing tissue (Cetkauskaite et al. 2006). We have attempted to corelate this
study with apoptosis on mechanistic basis through Ψm and cell cycle analysis.
Molecular events leading to cyto- and genotoxicity caused by acute exposure to
these organochlorine compounds (EDC and DCP) have not been systematically
investigated, so the study was designed to provide a dose response relationship of
mammalian mutagenicity and acute toxicity of these test chemicals by intraperitoneal
route of administration, since there is not even a single study available for evaluating
the genotoxicity of the test chemicals on these lines. Therefore, in this study
organochlorine induced apoptosis was assessed in Wistar rats by use of sensitive
molecular assays and techniques.
1.6 Histopathology
Organochlorines are immensely used in agriculture for the control of crop pests
and in livestock to control parasites and ectoparasites (Raj et al. 2013; Nolan and
Roberson, 1979). The combination of OCs is nowadays extensively used in India by
the farmers in a large variety of agriculture use. One of the highest-volume organic
chemicals produced in the world is EDC (Storer et al. 1984) with its varying uses
ranging from an intermediate in the production of different chemicals to component of
fumigants (Sullivan and Krieger, 2001).
Early histopathological effects of EDC appeared as early as in 1989, reported by
Gray as result in cytotoxic response and cause kidney and liver damage. However, no
such report is available in the case of DCP. This study, therefore, has been designed to
concurrently evaluate the acute histopathological effects of EDC and DCP which are
widely used in India at sub-lethal doses and to contribute to the knowledge of the
effects of these test compounds in Wistar rats.
Both EDC and DCP are genotoxic in several short-term tests (Lone et al. 2016;
2013; Crebelli et al. 1999; Tafazoli et al. 1998) and indicated to cause primary DNA
damage (Li et al. 2011). Some studies have identified two different metabolic
activation pathways, glutathione conjugation and microsomal oxidation, as potentially
significant sources of mutagenic metabolites from EDC. Some of the in vitro
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mutagenicity and DNA binding studies have provided the formation of half-sulphur
mustard compounds as evidence of the glutathione conjugation pathway as the
primary source of genotoxic metabolites resulting from EDC (Koplan, 2001; WHO,
1998; Baertsch et al. 1991; Rannug et al. 1978). Since liver is rich in glutathione and
glutathione S-transferases (Health Canada, 2013), it is logical to assume that the route
of administration may be important particularly in the in vivo genotoxicity of EDC.
For the investigation of this possibility, we have in the present study evaluated the in
vivo genotoxicity of EDC and DCP in a target organ (liver) after multiple i.p.
exposures at various durations. The acute hepatotoxicity of EDC and DCP at 24, 48
and 72h after multiple i.p. exposures were examined in this study in order to
determine histopathological injuries for intraperitoneal route of administration. Since
the kidney is also a target organ for the acute toxicity of EDC and DCP, we also
report data on kidney.
1.7 Research Status of Dichloroethane
1,2-dichloroethane (EDC, CAS#107-06-2) is a halogenated aliphatic
hydrocarbon with its persistent presence in groundwater, surface water and drinking
water (Berkowitz, 2014; ATSDR, 2001; IARC, 1979). The major use of EDC is as an
intermediate in the manufacture of vinyl chloride. It has also been utilized in the
production of tri and tetrachloroethylenes, ethylamines and trichloroacetic acid, as
solvent, metal degreaser and as finish remover. Other applications include scavenging
Lead in gasoline, equipment and textile cleaning, oil extraction from seeds, animal fat
processing, pharmaceuticals and as pesticide (Huang, et al. 2014; Gold, 1980).
According to IARC (International Agency for Research on Cancer) classification,
EDC is considered to be possibly carcinogenic to humans (Group 2B). However,
ACGIH (American Conference of Governmental Industrial Hygienists) has classified
EDC carcinogenicity as A4 (not classifiable as human carcinogen) because of the
limited evidence derived from studies. Most of the studies on EDC focussed on
hepatic DNA. It is reported to induce DNA strand breaks in exposed animals
following oral or intraperitoneal administration of EDC to rodents (Burcham, 2013;
Sasaki et al. 1998). An early study by Koplan (2001) found low levels of DNA
alkylation in the liver, spleen, kidney and stomach following administration of 14C-
EDC to Osborne-Mendel rats. The in vivo studies examining the formation of DNA
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adducts following exposure to EDC have also been positive, with an inhalation
exposure (Watanabe et al. 2007), one intraperitoneal injection (Baertsch et al. 1991).
Some of the mutagenic studies did appear in Drosophila melanogaster using various
conventional endpoints, sex-linked recessive lethal and chromosome non-disjunction
(Chroust et al. 2001; King et al. 1979). Although, in many instances, these early
studies demonstrated mutagenicity but these studies only tested with a single dose as
opposed to the recommended multiple doses by current Organisation for Economic
Co-operation and Development (OECD) guidelines (OECD, 2010; White and Claxton
2004); therefore, these can not be considered positive by the current guidelines. The
broad use of EDC and inconsistent available literature particularly qualify this
chemical for closer scrutiny.
In initial attempts EDC has been reported to be genotoxic in several short-term
tests for mutagenicity (Lone et al. 2016; Tafazoli et al. 1998, Crebelli, et al. 1999)
including primary DNA damage effects (Li et al. 2011). Many studies have identified
two different metabolic activation pathways, glutathione conjugation and microsomal
oxidation, as potentially significant sources of mutagenic metabolites from EDC.
Several of the in vitro mutagenicity (Koplan, 2001; WHO, 1998; Rannug et al. 1978)
and DNA binding (Baertsch et al. 1991) studies have provided the formation of half-
sulphur mustard compounds as evidence of the glutathione conjugation pathway as
the primary source of genotoxic metabolites resulting from EDC. The end point
measured in these studies, included the appearance of single-strand breaks and/or
alkali-labile lesions in hepatic DNA from animals dosed in vivo. Its carcinogenic
potential has also been indicated (OECD, 2008; Sina et al. 1983). Studies with special
reference to EDC have shown that this chemical is capable of inducing single strand
breaks in the DNA fragments of CHO cells (IARC, 1979). Early histopathological
effects of EDC result in cytotoxic response and cause kidney and liver damage (Gray,
1989).
1.8 Research status of Dichlorophene
The present study focuses on dichlorophene, [2, 2´–methylenebis (4–
chlorophenol)], a halogenated phenolic compound, commonly known as
dichlorophen. It is also known by different trade names such as anthiphen, antifen,
cordacel (Kintz et al. 1997). Not many studies are conducted on this compound
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despite its wide spread use. The compound is used as fungicide, bactericide, algicide,
besides being used as anthelmintic and antiprotozoan. It is also employed with a
certain degree of effectiveness in controlling moss and diseases like red thread and
fusarium patch in non crop situation (BCPC, 1991). The treatment of tapeworm
infestation in man and animals is another ramification of its use (Gemmell and
Johnstone, 1981; Idris et al. 1980; Bankov, 1976). Another novel approach of its
importance is provided by the therapeutic use of commercial dichlorophene spray in
the disease – digital dermatitis– which is implicated in serious side effects in cows
(Ghashghaii, 2007). Its uses are many, but researches are very few.
Curiously, not many studies are done with this compound in rats as well. A lone
observation is found in guinea pigs, where mixed results are reported in sensitization
tests of DCP (Yamarik, 2004) and now our laboratory has undertaken a wider
genotoxicity programme on organochlorine compounds in mammalian models, in
which the genotoxicity of DCP has been confirmed through preliminary genotoxicity
assays (Lone et al. 2013) and highly sensitive molecular and flowcytometric tests
have been done and are under way for publication. Some derivatives, such as
chlorinated bisphenol used as antibacterial and antifungal agents, indicated to be
potent inhibitors of glucose-6-phosphate dehydrogenase in yeast.
Although some studies have been attempted to evaluate the health implications
and environmental hazards due to the exposure of various organochlorines and its
related compounds (Kintz et al. 1997; Wang and Buhler, 1981) but the data on DCP is
limited. The status of dichlorophene viz-a-viz other OC compounds, show a big gap in
spite of the wide use in diversified applications and consequently increasing exposure.
Its use in the cytotoxic and genotoxic studies automatically qualify to work on this
chemical.
1.9 Objectives
Mammalian genotoxicity is an emerging branch of modern biology noted for
current spurt in mammalian cytogenetic studies and DNA damages using
conventional, molecular and flow cytometric techniques. It has made possible the
realization of immense applied value of genotoxicity data to many organisms. Such
studies are helpful for the conservation of genetic resources, genotoxic monitoring
and concern to human health.
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The objectives of the present study are specifically summarized as:
i. To determine the in vivo cytotoxic and genotoxic potential of dichloroethane
(EDC) and dichlorophene (DCP) in bone marrow cells (BMCs) of Rattus
norvegicus.
ii. Quantitative and qualitative assessment of DNA damage respectively in whole
blood and liver tissues of Rattus norvegicus.
iii. Cellular stress, measured in terms of changes in mitochondrial membrane
potential (Ψm) and cell cycle alterations using flow cytometry in white blood
cells (WBCs) of exposed rats.
iv. To explore the modulatory role of saffron petal extract (SPE) against EDC and
DCP induced genotoxicity in Rattus norvegicus.
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Materials and Methods
The protocol and related aspects of the current experiments strictly followed
the laid down norms for genotoxicity testing (OECD – 474, 2010; 1997; US/EPA
2001). A compact account of each event is described below.
2.1 Test Animals
Rattus norvegicus, 150 in number comprising both the sexes were procured
from Central Drug Research Institute (CDRI), lucknow and Indian Institute of
Integrative Medicine (IIIM), Jammu. The animals were of 8 – 10 weeks old with an
average weight of 100±2gms and housed in different groups in separate cages
maintained under controlled conditions of 12h dark and light period, temperature (22
± 2°C) and humidity (70 – 80%). The animals were given standard food and water ad
libitum. The Rattus norvegicus was chosen for certain advantages, which include their
well-defined karyotype of 21 pairs of chromosomes including 20 pairs of autosomes
and a pair of distinct X and Y chromosomes that approximates to that of human.
Other advantages are also well known.
2.2 Test Chemicals
The test chemicals used in present investigation are dichloroethane and
dichlorophene, aliphatic and phenolic organochlorine compounds respectively.
Details of their exposure, duration and mode of administration have been presented in
table – 2.1. An account of their physicochemical properties, use and toxicity have
been presented separately in boxes – 2.1 and 2.2 respectively.
Table 2.1 Dichloroethane and Dichlorophene; exposure, duration and mode of administration
Test chemical Concentrations
(mg/kg b.wt.)
Duration
(h)
LD-50
(mg/kg b.wt.)
Mode of
administration
Injection
volume (µl)
Dichlorophene 66.9, 133.8 and 200.7 24, 48 and 72 669 Intraperitoneal 100
Dichloroethane 80.7, 161.4 and 242.1 24, 48 and 72 807 Intraperitoneal 100
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2.3 Chemicals and Preparation of Solutions
Chemicals
 Colchicine (Loba Chemie) 25 mg / 50 ml of distilled H2O
(injected @ 4 mg / 1000 g of b. wt.).
 Hypotonic, KCl 0.075M; 0.56% (Ranbaxy Laboratories).
 Cornoy’s fixative (Methanol : Glacial Acetic acid 3 : 1).
 Giemsa stain (5%) (Loba Chemie).
 May Grunwald stain (Merck Ltd.).
 Xylene (Merck Ltd.).
 DPX (Galaxo Labs.).
 Foetal Calf Serum (5%) (Sigma Labs).
 Cyclophosphamide (Sigma Labs)
(injected @ 40 mg / 1000 g of b. wt.).
 Propidium Iodide (PI), Sodium bicarbonate, Phosphate buffer
saline (PBS), Tris buffer saline (Sigma Aldrich Co, USA).
 DNase-free RNase (USB Corporation, USA).
 Tris buffer, Bromophenol (Himedia Pvt Ltd, India).
Solutions
 Preparation of Sorensons buffer (pH = 6.8).
Na2HPO4 2H2O                    5.938gm in 100ml (A)
KH2 PO4 4.539gm in 100ml (B)
25ml A + 25ml B 50 ml solution
 Becton Dickinson FACS lysing solution (San Jose CA, USA).
2.4 Experimental Design
The experimental rats were divided into five groups. Exposed groups consist of
15 rats for each concentration with 5 rats per duration. The detailed information of
experimental animals used is given in table – 2.2.
The control groups consisted of normal control (tap water), a separate positive
control (40 mg cyclophosphamide / 1000 gm of b. wt.). At the end of a specific
interval, 5 rats per duration were sacrificed by cervical dislocation and immediately
dissected to obtain bone marrow for various cytogenetic preparations. The explained
design was followed in CA, MNT, MI, histopathological studies and DNA extraction
studies. However a separate lot was used for flowcytometric methods.
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Table 2.2 Distribution of animals used for various parameters in different groups
Parameters
and duration
Control Treated Total
Normal Positive I II III
CA & MI 15 15 15 15 15 75
FCS & CMA
MNT & HP
15 15 15 15 15 75
24 5 5 5 5 5 25
48 5 5 5 5 5 25
72 5 5 5 5 5 25
*MNT: Micronucleus test; CA: Chromosomal aberration; MI: Mitotic index; HP: Histopathology; FCS: Flowcytometric Studies;
CMA: Comet Assay
2.5 Cytogenetic Procedures
2.5.1 Micronucleus Test (MNT)
The micronucleus test was carried out according to the protocol of Schmid
(1975). The flushing of bone marrow cells (BMCs) from both the femurs was
collected as a fine suspension into a tube containing 1ml fetal bovine serum (FBS).
The centrifugation was carried out for 10 min at 1000 rpm. The pellet was
resuspended in FBS. The suspension so prepared was smeared onto the pre cleaned
slides and air-dried. The slides were fixed in 100% methanol for 5 min following the
differential staining carried in May-Grunwald and Giemsa. The slides were first
covered with undiluted  May – Grunwald solution for 3 min and replaced by diluted
(1 : 1) solution of the same stain with distilled water for 2 min, followed by staining in
Giemsa for 5 min. The clearing of slides for both (CA and MNT) was done in xylene
and permanently mounted in DPX. The detailed steps followed in these preparations
are given in box – 2.1.
Independently coded slides were tested for analyzable MN and the
polychromatic erythrocytes (PCE) to normochromatic erythrocytes (NCE) cell ratio
was recorded. The MN frequency expressed as mean percent micronulceated cells
were scored by analyzing the number of micronulceated PCEs (MNPCEs) in 2000
PCEs per animal. The differential staining allowed clear distinction between PCEs
and NCEs. The right areas were chosen for scoring where the erythrocytes were well
separated, not folded and clearly contoured.
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The PCE:NCE ratio was taken to estimate the cytotoxic effect in 1000
erythrocytes per animal (Ouanes et al. 2003). The final observation and representative
photography was carried out at 100X (Olympus U-PMTV microscope mounted with
optical zoom camera), under oil immersion.
2.5.2 Chromosome Aberration (CA) Assay
The chromosomal procedure from rat bone marrow followed the method of
Preston et al. (1987). The animals were injected intraperitoneally (i.p.) with a
colchicine solution (4mg/kg b.wt.) two hours prior to sacrifice. Some of the
interesting facts regarding colchicine have been presented in box – 2.3. Specimens
were sacrificed by cervical dislocation. Both the femurs were extracted and cleared
from muscular tissue. The bone was cut open at both distal ends and a needle was
inserted with mounted syringe and the bone marrow was flushed out using 5 ml of
preincubated KCl in a centrifuge tube.
The solution was properly homogenised and kept in a water bath at 38°C for 20
min. To this, 1 ml of fixative was added drop by drop and the solution was left at
room temperature for 20 min. It was centrifuged for 5 min at 1000 rpm. The
supernatant was discarded and the pellet was saved and chilled fixative was added and
centrifuged again. The pellet was saved again and supernatant discarded. The process
was repeated thrice and final pellet was saved in 2 ml of chilled fixative.
The slides were prewashed with alcohol and chilled in 70% ethanol. The cell
suspension so prepared was dropped onto the slides from an appropriate height. The
slides then passed over the flame to burn off the fixative immediately, air dried and
stained for 5 min in Giemsa (5%) in Sorensen’s buffer (pH =  6.8). Satisfactory slides
including controls were coded and scored under code by a single observer. The slides
were screened for analysable metaphases, initially under low power (40X) and
subsequently at high magnification (100X, oil emmersion lens). The salient points of
this protocol have been illustrated in box – 2.2.
The analysable mitotic cells were selected on the criteria conforming to; well
spread metaphases with  (2n = 42), more complete number of centromere, fully
aligned chromatid, no centromere splitting, no extensive overlap of chromosomes,
good fixation and staining.
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Chromosomal aberrations were classified as per the nomenclature of Adler and
El-Tarras (1989), which is still being highly favoured. The structural type of
aberration was studied under two sub-types, chromatid and chromosome. Chromatid
type aberrations involved one chromatid comprising chromatid gap (G), where an
achromatic lesion was found smaller than the width of one chromatid; chromatid
breaks (B) having the true discontinuities with clearly dislocated fragment and,
translocation (T), where the fragments almost remained associated with the
chromosome of origin.
Chromosomal type of aberration named so because, it involved both the
chromatids of a chromosome at identical sites or loci, comprised of abnormalities like
gap (G) an achromatic lesion, having non-staining  region not greater than the
diameter of the chromatid; break or (terminal deletion) which involved only one
chromosome. Chromosomal exchanges, where two or more lesions in the same or
different chromosomes were also observed. On the other hand, multiple aberrations
(MA) collectively included rings, dicentrics and aneuploidy – where the chromosome
number of a cell deviates from a multiple haploid set, 21 in the present case.
2.5.3 Calculation of Mitotic Index (MI)
The method of Hedges et al. (1995) was followed. The MI was calculated
from a total of 2000 cells scored in each concentration category. Details regarding
mathematical procedure and justification are as follows;
The calculation of MI is based on the formula:
MI = total no. of dividing cells × 100 / total no. of cells observed
In such calculations interphase, prometaphase and other substages were not
counted. The MI is assessed at metaphase – anaphase stage because these stages
actually entitle a cell to have processed the mitotic cycle. This is designated as active
mitotic index (Ami) and calculated by:
Ami = (M + A) × 100 / TC
Where M, A and TC respectively stand for metaphase, anaphase and the total
number of cells observed. MI was calculated by this formula and any inhibition of
mitotic indices was taken as the sign of cytotoxicity of the chemical. The comparison
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on the basis of concentration or duration of the test chemical was noted and contrasted
with the controls to realize which agent effects more seriously over the other.
2.6 Molecular Techniques
2.6.1 Alkaline Single Cell Gel Electrophoresis Assay (Comet Assay)
The DNA damage in our study was assessed by alkaline comet assay as
described earlier by Singh et al. (1988) with some modifications. The Single Cell Gel
Electrophoresis (SCGE) assay is based on embedding of cells in agarose, cell lysis in
alkaline buffer and application of an electric current, which migrates broken DNA
fragments away from the nucleus. The resulting fluorescent images, named for their
appearance as comets, determine the extent of DNA lesions (Fairbairn et al. 1995).
The comprehensive flowchart of this procedure is given in Box – 2.3.
2.6.2 Collection of Blood Sample
The procedure of Herck et al. (2001) for retro-orbital bleeding method was
used for the routine blood collection. The rat was anesthetized and a little pressure
was applied on the top and bottom lids of an eye so as to keep the eye open and the
globe pushed forward slightly. In the medial canthus of the eye at an angle of 30°–
40° towards the back of the eye, a glass microcapillary tube was inserted into the eye.
A firm and steady forward pressure was applied, and the microcapillary was rotated
between the thumb and forefinger so as to cut through the conjunctiva at the back of
the eye and enter the retro-orbital sinus at which time blood flows into the
microcapillary tube. More than 500 µl blood was collected in a microcentrifuge tube
containing 20 µl of EDTA as anticoagulant. After the blood sample is collected, the
eyelids were closed and a small amount of ophthalmic ointment containing an
antibiotic was placed on the eye; after the bleeding has stopped to prevent infection.
2.6.3 Preparation of Base Slide
The slides used in comet assay were kept overnight in cold methanol in a
refrigerator to get clean and grease free slides. A 0.1% normal melting agarose
(NMA) is prepared in phosphate buffer saline (PBS) and boiled in a microwave and
cooled down to 37ºC. While the NMA is hot, dip the clean slides up to one third and
gently remove and wipe the underside of the slide and lay the slide on a flat surface to
dry.
To the coated slide 75 µl of 0.5% low melting point agarose (LMPA) mixed
with 10 µl of whole blood is added. A coverslip is placed on the slide and the slide is
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kept on a slide tray resting on icepacks until the agarose layer hardens (5-10 min).
Gently slide off coverslip and a third agarose layer of 90 μl of LMPA is added to the
slide. The coverslip is replaced and the slide returned to the slide tray on ice packs
until the agarose layer hardens (5-10 min). The coverslip is removed and the slide is
slowly lowered into a cold, freshly prepared Lysing solution (2.5 M NaCl, 100 mM
Na2EDTA, 10 Mm Trizma base, 12 g/l NaOH, 1 g sodium dodecyl sulphate; pH=10)
and 1% triton X-100 added afresh to solubilize cellular proteins leaving DNA as
nucleoids in cold conditions for a minimum of two hours.
2.6.4 Electrophoresis of the Microgel Slides
The procedure described is for electrophoresis under pH>13 alkaline
conditions. After two hours at 4ºC, the slides were gently removed from the Lysing
solution. Slides were placed side by side on the horizontal gel box near one end,
sliding them as close together as possible. The buffer reservoirs were filled with
freshly prepared Electrophoresis buffer (90 Mm Trizma base, 90 Mm Boric acid and
2.5 Mm EDTA; pH>13) until the liquid level completely covered the slides avoiding
bubbles over the agarose. The slides were left in the alkaline buffer for 40 minutes to
allow for unwinding of the DNA and the expression of alkali-labile damage. The
power supply was turned on at 24 volts (~0.74 V/cm) and the current is adjusted to
300 milliamperes by raising or lowering the buffer level. After the electrophoresis of
the slides was done for 40 minutes, the power supply is turned off. The slides are
gently lifted from the buffer and placed on a drain tray. Drop wise coat the slides with
Neutralization buffer (0.4 M Tris, 10 M HCl; pH=7.5) and keep it for 5 minutes, drain
the slides and repeat the neutralization process two more times. The slides were
stained with 80 μl of 1X Ethidium bromide, left for 5 min and then dipped in chilled
distilled water to remove excess stain. The coverslip is then placed over it and the
slides were examined under an Olympus fluorescence microscope (IX51) equipped
with an excitation filter (510 nm) and a barrier filter (590 nm). The slides were
analyzed at 40X magnification using computerized image analysis system (Komet
5.5). To evaluate the amount of DNA damage, computer generated tail moment
values were used. Approximately 100 cells were scored immediately and used to
assess the DNA damage by (a) Olive tail moment (b) tail length and (c) tail
coefficient variance. It must be noted here that the assay was performed under
dimmed light so as to prevent any DNA damage that may arise from fluorescent white
light.
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2.7 DNA Extraction and Estimation
This procedure has been adapted from the DNeasy tissue protocol and is for
purification of DNA from tissues using the QIAGEN® DNeasy Blood & Tissue Kit.
This method is preferred since, conventional DNA extraction protocols (Cheng et al.
2003; Jobes et al. 1995) require large quantities of tissue to be ground and the kits are
generally either expensive or not easily available, especially for researchers in
developing and under-developed countries (Kotchoni and Gachomo, 2009). In
addition, these methods are limited to certain organisms and therefore, are not
universal (Margam et al. 2010; Ahmed et al. 2009; Hoarau et al. 2007). In the present
study, a simple genomic DNA extraction protocol for different organisms is
described, which is time as well as cost-efficient, free of PCR-inhibiting
contaminants, and not reliant on toxic reagents such as phenol/chloroform. The
extracted DNA could be used in the experiments, such as PCR, enzyme digestion etc.
The detailed procedure followed is;
The liver, 25 mg in weight was cut and 80 µl of ATL buffer was added and
homogenized. Homogenization was followed by mixing of 100 µl of ATL buffer and
repeating the process of homogenization. A 20 µl of proteinase K was added, mixed
by vortexing and incubated at 56°C until completely lysed (1h). After lysis, vortex for
15 seconds was done and 200 µl of buffer AL was added. Thorough mixing was done
by vortexing, homogenized and further spun at 5000 rpm for 3 min. To the
supernatant 200 µl of absolute ethanol was added and mixed thoroughly by vortexing
the mixture. Pipet the mixture into the DNeasy Mini spin column placed in a 2 ml
collection tube and centrifuged at 8000 rpm for 2 min. The flow-through and
collection tube were discarded. The DNeasy Mini spin column was placed in a new 2
ml collection tube, 500 μl buffer AW1 was added and centrifuged for 1 min at 8000
rpm. The flow-through and collection tube were discarded. Once again the DNeasy
Mini spin column was placed in a new 2 ml collection tube, 500 μl buffer AW2 was
added and centrifuged for 3 min at 14,000 rpm so as to dry the DNeasy membrane.
The flow-through and collection tube were discarded. The DNeasy Mini spin column
was transferred to a new 2 ml microcentrifuge tube and preheated buffer AE (40 µl)
was added directly onto the DNeasy membrane, incubated at room temperature for 1
min, and then centrifuged for 1 min at 8000 rpm to elute. The elution step was
repeated but with only 20 µl of buffer AE. Purified DNA was quantified on
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nanodrop and purity ratio was taken at 260/280 nm. 1.5% agarose gel was prepared
and DNA samples mixed with appropriate volume of the 6X tracking dye
(bromophenol blue) were loaded along with “ O'GeneRuler 50 bp DNA Ladder,” in
order to see the appropriate molecular weight of purified DNA. Gel was then
subjected to ethidium bromide staining for 20 minutes and was visualized on gel doc.
2.8 Flow Cytometric Methods
2.8.1 Isolation of WBCs
The blood was collected from retro-orbital plexus of sensitized rat in 0.1%
EDTA in eppendorf tubes. After the incubation of blood for 30 min at room
temperature in the dark, 500 µl of blood was taken in a centrifuge tube and 1 ml
FACS lysing solution was added. The blood was incubated once again for 10 min and
the cells were centrifuged (2000 rpm) for 10 min at 25°C. The supernatant was
discarded and the pellet washed in 1 ml FACS lysing solution and centrifuged again
for 5 min (2000 rpm). The cells were centrifuged again and the pellet suspended in
500 µl of PBS having only WBCs in it (Yu et al. 2011).
2.8.2 Cell Cycle Phase Distribution
The effect of the test agents on different phases of the cell cycle in leukocytes
was explored by flow cytometry. Completion of treatment durations was followed by
harvesting of leukocytes by centrifugation at 1000 rpm (5 min). The harvested cells
were washed twice with PBS, fixed in 70% cold ethanol for 48h. After fixation, the
cells were washed again with PBS, subjected to RNase digestion (400 μg/ml) at 37°C
for 45 min. Finally, the cells were incubated with propidium iodide (10 μg/ml) and
analyzed instantly on flow cytometer FACS ARIA II (Becton Dickinson, USA). The
fluorescence intensity of sub-G1 cell fraction represents the apoptotic cell population.
A total of 10,000 events were acquired for cell cycle analysis (Bakheet et al. 2011).
2.8.3 Measurement of Mitochondrial Membrane Potential (Ψm) for Cellular
Energy Status
The method of Majeed et al. (2015) was followed for flow cytometric
measurements of change in Ψm as a result of mitochondrial perturbation using
mitochondrial specific fluorescence dye Rh-123. Rh-123 being cell permeable
cationic dye preferentially enters mitochondria based on the extremely negative
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mitochondrial membrane potential. Mitochondrial membrane depolarization induces
quenching of Rh-123 fluorescence and the rate of fluorescence decay being
proportional to the Ψm. For this, the leukocytes were incubated with 5 µM Rh-123 for
60 min before the termination of the experiment. Cells were washed with PBS at 1500
rpm for 5 min at room temperature and pellet was re-suspended in 300 µl PBS. The
decrease in intensity of fluorescence, because of Ψm decrease from 10,000 events was
analyzed in FITC channel on flow cytometer FACS ARIA II (Becton Dickinson,
USA). Leukocytes were identified with the characteristics of forward scatter and side
scatter. A similar gate was used to reduce debris and other contaminants for all
groups.
2.9 Histopathological Study (HP)
The Bancroft and Stevens, (1977) method was adopted. The animals were
sacrificed at the termination of the desired times after the treatment. Liver and kidneys
were isolated and fixed in 10 % buffered formalin for 24h. After fixation, the tissues
were dehydrated through the ascending grades of ethanol, cleared in xylene and
finally embedded in paraffin wax. Using a rotary microtome, specimens were
sectioned at 5 μm and sections were mounted on clean glass slides and stained for
histopathological examination with Haematoxylin and Eosin (H and E), and observed
under the microscope. A minimum of three fields of each tissue slide were viewed
closely and representative locations were photographed (Olympus U–PMTV
microscope with optical zoom camera). The details of this protocol are briefed in box
– 2.4. Representative locations were photographed.
2.10 Statistical Analysis
All the results were expressed as mean values with standard error
(mean±S.E.). Each treatment of the every experiment was performed in triplicate for
all the parameters. The statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) Version 20.0. Statistical significance of the differences was
defined as P<0.05 using one-way analysis of variance (One way ANOVA); post hoc
Tukey.
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Fact Sheet – 2.1 Dichloroethane:
 COMMON FEATURES
NOMENCLATURE
COMMON NAME
IUPAC NAME
TRADE NAME
CHEMICAL CLASS
BATCH NO.
CAS NO.
 PHYSICOCHEMICAL PROPERTIES:
MOL. WT.
MOL. FORMULA
FORM
MELTING POINT
BOILING POINT
VAPOUR PRESSURE
SPECIFIC GRAVITY
SOLUBILITY IN WATER
STABILITY
REACTIVITY
MANUFACTURER
 APPLICATION
 TOXICITY:
 ECOTOXICOLOGY :
 TOXICITY CLASS :
 SOURCE:
EDC
Ethylene dichloride, Glycol dichloride
1,2-Dichloroethane
Freon 150, Borer sol, Brocide
Halogenated aliphatic compound
107-06-2
Chemical structure
shown in inset
98.96 g/mol
C2H4Cl2
Liquid
-35 °C
83 °C –
78.9 mm Hg at 25 °C
0.869 g/100 ml
8,69 g/l at 20 °C
Stable
Incompatible with Strong oxidizing agents
Sigma-Aldrich Laboratories.
Dichloroethane is used an intermediate in the manufacture of vinyl chloride, it has
also been utilized in the production of 1,1,1-trichloroethane, trichloroethylene,
perchloroethylene and production of tri and tetrachloroethylenes, ethylamines and
trichloroacetic acid, as solvent, metal degreaser and as finish remover. The various
other uses include scavenging lead in gasoline, equipment and textile cleaning, oil
extraction from seeds, animal fat processing, pharmaceuticals and as pesticides.
: IP-RAT          LD50   807 mgkg-1
: Harmful if inhaled. Acts as asphyxiant by displacing air, anesthetic effects,
difficulty in breathing, headache, dizziness, prolonged or repeated contact with
skin may cause:, defatting, dermatitis, Contact with eyes can cause:, redness,
blurred vision, provokes tears. Effects due to ingestion may include:,
gastrointestinal discomfort, central nervous system depression, paresthesia.,
drowsiness, convulsions, conjunctivitis. Effects may be delayed, Irregular
breathing, stomach and intestinal disorders, nausea, vomiting. Weakness,
prolonged skin exposure may result in the absorption of harmful amounts of
material. Adverse kidney and liver effects. Increased liver enzymes. Toxic to fish
and aquatic organisms.
: EPA and IARC – 2B (Possible human carcinogen)
Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-
3. New York, NY: Van Nostrand Reinhold,1996., p. 1547] **PEER
REVIEWED**
SAFETY DATA SHEET according to Regulation (EC) No. 1907/2006 Version
5.4 Revision Date 21.10.2014
Physicochemical  properties, use and toxicity
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: DDDM
: Dichlorophen
: 2,2'-methylenebis ( 4-chlorophenol )
: Anthiphen, antifen, cordocel, dicestal,difentan, nipacideDP,nipacideDP
40
: Halogenated phenolic compound.
: SZE8121X
: 97-23-4
: Chemical structure shown in inset
: 269.13 g/mol
: C13H10Cl2O2
: Odorless,White
: 168 - 172 oC
: 418.7 °C at 760 mmHg
: 10.4mm (100 ºC)
: 1.42 g/ml
: 30 mg/L at 20 ºC
: Stable. Incompatible with strong bases, strong oxidizing agents.
: Dichlorophen is incompatible with strong oxidizing agents and strong
bases. Weakly acidic, It is probably combustible. Slowly oxidized in air.
: Sigma-Aldrich Laborchemikalein.
: Dichlorophen    is   used  as  a  veterinary  fungicide,    bactericide,
algicide anthelmintic and antiprotozoan, used to control moss, red thread,
fusarium patch and other diseases in non-crop situations. It  is   used  as
sterilization algicide and biocides. It  is  used  as a taenifuge for Taenia
saginata. It is also used to control moss on amenity turf and hard surfaces,
winter treatment in fruit trees.
: IP-RAT          LD50   669 mgkg-1
: Harmful if swallowed, inhaled or absorbed through the skin.
Photosensitizer - exposure can increase the sensitivity of the skin to
sunlight leading to possible  allergic  reactions, lesions, increased
propensity to sunburn  etc. Harmful in the environment - may  cause long-
term adverse effects.Very toxic to aquatic organisms.
: EPA – III (slightly toxic)
: Safety Data on Dichlorophen, Physical & Theoretical Chemistry Lab. at Oxford
University, 2005.British Crop Protection Council, 1991, LookChem.com,License,
ChemicalBook Gemmell and Johnstone 1981; Idris et al. 1980; Bankov 1976, PPDB
Safety assessment of Dicholorophene and chlorophene, Yamarik
Fact Sheet – 2.3 Colchicine: source and its function
 a toxic natural product and secondary metabolite, originally extracted from plants of the genus Colchicum
(Colchicum autumnale).
 used originally to treat rheumatic complaints, especially gout, and still finds use for these purposes today despite
dosing issues concerning its toxicity.
 Colchicine inhibits microtubule polymerization by binding to tubulin, one of the main constituents of microtubules.
 Availability of tubulin is essential to mitosis, and therefore colchicine effectively functions as a "mitotic poison" or
spindle poison and  arrests cell cycle.
Chemical structure of colchicine Three dimensional structure of colchicine
Fact Sheet – 2.2 Dichlorophene:
 COMMON FEATURES
NOMENCLATURE
COMMON NAME
IUPAC NAME
TRADE NAME
CHEMICAL CLASS
BATCH NO.
CAS NO.
 PHYSICOCHEMICAL PROPERTIES:
MOL. WT.
MOL. FORMULA
FORM
MELTING POINT
BOILING POINT
VAPOUR PRESSURE
SPECIFIC GRAVITY
SOLUBILITY IN WATER
STABILITY
REACTIVITY
MANUFACTURER
 APPLICATION:
 TOXICITY:
 ECOTOXICOLOGY :
 TOXICITY CLASS :
 SOURCE:
Physicochemical properties, use and toxicity
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Box – 2.1 Micronucleus Test: in-vivo method (Schmid, 1975)
Mutagenised / Normal
Disect Femur
Bone Marrow Cells (BMCs) in normal saline (30m; 37°C)
Bone Marrow Cells (BMCs) in FCS
Centrifugation (1000 rpm; 5min)
Pellet in FCS (save)
Centrifugation (1000 rpm; 5min)
Smear (Grease Free Slide)
Air Dried overnight
Fixation (Methanol - 100%; 5min)
Staining (Giemsa/May - Gruenwald; 25min)
Observation
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Box – 2.2 Bone marrow metaphase chromosome analysis: (Preston et al. 1987)
Before 2h of sacrifice Colchicine injected (i.p) in rats (4mg / kg b.wt.)
Femur collected & cleaned by distilled water
Femur ends cut & Bone marrow flushed out with 0.56% KCl
Collected Bone marrow incubated (37°C; 30 min.)
Centrifugation (1500 rpm; 10 min.)
Pellet resuspended in freshly prepared fixative following centrifugation (1000 rpm; 5 min.)
Supernatant discarded & centrifuged again (2 – 3 times repeated)
Supernatant discarded, pellet saved & resuspended in aceto alcohol fixative
Dropped on pre cleaned slides
Slides flame dried
Staining with Giemsa 5% in SBS followed by cleaning with xylene
Mounting with DPX
Observations at 100X oil emmersion lens
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Box-2.3 Comet assay: (Singh et al. 1988)
Frosted glass slides were taken
First layer laid on slides by dipping the slide in molten 0.1% LMA
Freshly prepared cell suspension was pipette on the first layer after drying
Coated slides were placed on a metal tray on ice
Third layer of LMA laid on slides and kept on ice for solidification
Slides placed in pre cooled lysis buffer and incubated for 2h at 40c
Slides were now kept in alkaline electrophoresis buffer for 4o min
After incubation slides were electrophoresed for 40 min (voltage; 24v and current: 300mA)
Slides removed and place in a neutralizing buffer for 5 min
Slides stained with ethidium bromide
Image analysis (Observation and scoring)
Two solutions (0.1% NMA and 0.5% LMA)
prepared in Ca2+ , Mg2+ free PBS
Cell suspension mixed with 0.5%
LMA & kept at 370c
Lysis buffer: 2.5M NaCL, 100Mm Na2EDTA,
10Mm Tris Base,12g/l NaOH, and
1g SDS, 1% Triton X-100; PH 10,
Electrophoresis buffer; 90 mM Trizma base,
90 mM Boric acid, 2.5 mM EDTA; pH>>13
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Box – 2.4 Sample preparation for histopathology: (Bancroft and Stevens, 1977)
Fix the tissue samples in fixative (10% formalin) overnight.
Pour out the fixative
Wash with double distilled water (4-5 times)
Dehydration in graded ethanol series as 30% ethanol (30 min.), 50% (30 min.),
70% (30 min.), 90% (30 min.), absolute ethanol I (30 min.) and absolute ethanol II (30 min.)
Clear in xylene (10 min.)
Transfer to xylene wax (10 min.) in oven at 70-800 C.
Embed in pure molten wax I (1 h) and then pure wax II (1 h) in the oven.
Wax block formation
Wax blocks trimmed properly in desired orientation of tissue.
Sectioning at 5 microns
Staining  with haematoxylin and eosin (H & E) stain
Observation under microscope.
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3.1 Introduction 
Toxicity of a substance is defined as the potential to exert harmful effects on 
humans or animals and the conditions under which the effect takes place. It is a 
cascade of events beginning with the exposure, proceeding through distribution and 
metabolism, and ending on interaction with cellular macromolecules usually DNA or 
protein and the expression of a toxic end point (Levi, 2010). In most of the cases of 
evaluation of toxicity of test substances; rodents and non-human primates are of first 
use in preclinical animal studies before further studies are done in humans. The major 
reason behind the use of these animals is their biological similarity to humans that 
allows them to be considered as suitable models for humans in a broad range of 
investigation (Loomis and Hayes, 1996; Pascoe, 1983). This explains the use of 
mammalian model (R. norvegicus) in the present studies using multiple genetic 
testing. 
There are different methods in toxicity testing which can be divided into two 
categories; general toxicity study and specialized toxicity study. The former 
represents such a type of study in which the test substance is given to evaluate 
systemic toxic effects. The difference in individual tests is basically with regard to the 
duration of the test and the extent to which the animals are used for general toxicity. It 
can further be grouped into acute toxicity, sub-acute toxicity and chronic toxicity 
studies. In our study, the focus is on the former category dealing with acute toxicity 
test. 
Acute toxicity testing in animals is essentially the first step in the evaluation of 
the effects of a chemical on health, providing information on potential health hazards 
that may result from short-term or high dose exposure (Zhang and Andersen, 2007). It 
serves to establish the range of lethal dose of the test substance and provides warning 
in case a highly toxic compound is being dealt with (Poole and Leslie, 1989). It also 
provides information on the limiting toxicity arising from the pharmacological effects 
of the compounds on target organs. The initial procedure, in an acute toxicity testing, 
is to test a series of range finding single doses of the compound in a single animal 
species. This necessitates selection of route of administration, preparation of the 
compound in a form suitable for administration via the selected route and selection of 
an appropriate experimental animal species (Poole and Leslie, 1989).  
In general, the rat and sometimes the mouse are preferred for use in 
determining the LD50. Their preference stems from the fact that they are economical, 
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readily available and easy to handle. Further, there is more toxicologic data on these 
species of animals. It facilitates comparison of toxicities to other chemicals (Lu and 
Kacew, 2009). Importantly, these animals generally metabolize compounds in a 
manner similar to humans and the compounds including metabolites may have similar 
pharmacodynamics in the animals and humans. 
The immediate, very prompt and complete or nearly complete absorption 
generally follow intravenous and intraperitoneal injection. These attributes make the 
rodents favourable for acute toxicity studies to serve as the basis for classification and 
labeling of new drug entity with an early assessment of the toxic manifestations 
providing information on health hazards which are likely to arise from short-term 
exposure to drugs and chemicals (Timbrell, 2002; Poole and Leslie, 1989). 
In the field of toxicology, a number of in vivo tests assess the toxic effects of 
chemical agents. Many biological assays such as mammalian in vivo micronucleus 
test (MNT), chromosomal aberration (CA) assessment and mitotic index (MI) assay 
are widely used for the determination of toxicity of chemicals in mammals. A series 
of in vivo toxicity tests were also undertaken in the study to determine the sensitivity 
of Wistar rats for selected organochlorines (OCs) i,e. dichloroethane (EDC) and 
dichlorophene (DCP). The genotoxicity at various doses of EDC and DCP were 
determined and compared carefully to controls both positive and normal by MNT, CA 
and MI in the bone marrow cells (BMCs) of Wistar rats. Even though the MN is 
considered as surrogate measure of structural and numerical chromosomal 
aberrations; it is considered a bridging biomarker of genotoxic exposure (Srivatava 
and Singh, 2015; Recio et al. 2010; Dertinger et al. 2007) and more importantly, it is 
indicative of increased cancer risk (Yadav and Saini, 2015; Bonassi et al. 2007). 
Hence, it is used, in combination with CAs, as the most reliable method for the 
evaluation of genotoxicity in mammals (Prasad et al. 2009). Therefore MNT in 
conjunction with CAs was also preferred in the present study, among other 
sophisticated parameters. The better clues for both clastogenic damage and damage to 
the mitotic apparatus with aneugenic consequences are intended. The MI assay, 
provided input to characterize proliferating cells and identify compounds which 
inhibit or induce mitotic progression in mammalian system. More recently Al-ahmadi 
(2015) and Bhattacharjya et al. (2015) showed MI as an effective measure to indicate 
the proportion of cells in the M–phase reflecting cellular death or delay in the cell 
proliferation kinetics. 
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3.2 Methodology 
After completion of the specified treatment period, five animals from each 
group were sacrificed by cervical dislocation. Colchicine treatment was given to 
animals at the specific dose of 4mg/kg b.wt. through intra-peritoneal route, 2h prior to 
sacrifice of animals to arrest the metaphase in chromosomal aberration assay. This 
study was conducted as per the protocol of Preston et al. (1987), and the MNT 
conducted in accordance with Schmid (1975). The detailed description of these 
protocols are in chapter 2, section 2.5.1 and 2.5.2. 
3.3 Results 
The genotoxic effect of EDC and DCP was planned and calculated using in 
vivo bone marrow CA assessment, MN assay and MI assessment in three different 
concentrations of both these chemicals at various durations. The specific 
concentrations used were assigned specific symbols and were as; EDC I (80.7 mg/kg 
b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.) and DCP I (66.9 
mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.) in all the 
assessments. 
3.3.1 Micronucleus Test (MNT)  
The results of MN assay of EDC and DCP showed a significant increase in 
micronucleated polychromatic erythrocytes (table 3.1 and table 3.2). Both these 
chemicals followed a trend explainable in dose as well as time dependent manner and 
their profiles are shown in figures 3.1 and 3.2 respectively along with the mean 
percent frequency of MNPCEs and their standard percent error. The representative 
PCE (blue-purple), NCE (pink) along with MNPCEs have also been shown (Fig. 3.3a, 
b). The maximum damage, in terms of number of micronuclei induction in PCEs, was 
observed on the administration of the highest dose. It registered a mean frequency of 
5.67±1.45 for EDC and 5.37±0.60 for DCP at 24h duration (table 1 and table 2). 
However, a significant decrease in mean number of MNPCEs was observed as the 
time proceeds at each concentration. The cytoxoxicity indicator (P/N ratio) reflected 
dose dependent depression for each concentration in stressed condition. It was noted 
that in each concentration category, the ratio showed a declining trend as the time 
progressed. In order to find out whether there is significant difference between the 
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exposed and control groups, one way ANOVA followed by post hoc Tukey and the 
significant difference was observed (P < 0.05). 
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Table 3.1 Micronuclei induction in polychromatic erythrocytes observed in the bone marrow cells of Rattus norvegicus treated in vivo with different 
doses of dicholoroethane at various durations 
  
Group & Dose Time (h) Total  PCEs Scored Total  Number of 
MNPCEs 
Mean Frequency of 
MN per 1000 
PCEs±S.E 
P/N ratio 
 
Normal control 
(NC) 
24 
48 
72 
2010 
2031 
2024 
 
2 
1 
1 
0.67±0.33 
0.37±0.31 
0.37±0.30 
0.796±0.04 
0.784±0.03 
0.789±0.04 
Positive control 
(PC) 
(40 mg/kg b. wt.) 
24 
48 
72 
2031 
2039 
2024 
 
24 
16 
14 
8.01±1.73
**
 
5.33±1.45
*
 
4.66±2.33
*
 
0.507±0.01
**
 
0.514±0.00
**
 
0.509±0.01
**
 
 
EDC  I 
(80.7 mg/kg b.wt.) 
24 
48 
72 
2064 
2039 
2139 
 
12 
8 
7 
4.01±1.15
*
 
2.67±1.20
*
 
2.33±1.31
*
 
0.701±0.03
*
 
0.754±0.02
*
 
0.739±0.02
*
 
 
EDC  II 
(161.4 mg/kg b.wt.) 
24 
48 
72 
2133 
2191 
2164 
 
15 
13 
10 
5.00±1.73
*
 
4.33±1.76
*
 
3.34±1.85
*
 
0.691±0.02
*
 
0.699±0.03
*
 
0.684±0.01
*
 
 
EDC III 
(242.1 mg/kg b.wt.) 
24 
48 
72 
2039 
2043 
2012 
17 
14 
11 
5.67±1.45
*
 
4.66±1.85
*
 
3.67±1.76
*
 
0.614±0.02
* 
0.622±0.01
**
 
0.637±0.04
**
 
Normal control (water); positive control (cyclophosphamide); EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.); PCEs 
(polychromatic erythrocytes); MNPCEs (micronucleated polychromatic erythrocytes);*statistically significant values at *p<0.05, **p<0.01, 
***p<0.001(One way ANOVA, post hoc Tukey)
 
. 
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Table 3.2 Micronuclei induction in polychromatic erythrocytes observed in bone marrow cells of Rattus norvegicus treated in vivo with 
different doses of dicholorophene at various durations 
 
Group & Dose Time (h) Total  PCEs Scored Total  Number of 
MNPCEs 
Mean Frequency of 
MN per 1000 
PCEs±S.E 
P/N ratio 
 
Normal control 
(NC) 
24 
48 
72 
2017 
2021 
2024 
 
2 
1 
2 
0.29±0.09 
0.27±0.09 
0.27±0.09 
0.792±0.03 
0.781±0.03 
0.779±0.04 
Positive control 
(PC) 
(40 mg/kg b. wt.) 
24 
48 
72 
2021 
2031 
2029 
 
25 
17 
12 
8.11±0.90
**
 
5.45±0.62
**
 
4.59±0.49
*
 
0.511±0.01
**
 
0.521±0.01
**
 
0.508±0.00
**
 
 
DCP I 
(66.9 mg/kg b.wt.) 
 
24 
48 
72 
2043 
2061 
2137 
 
9 
6 
4 
3.91±0.45
*
 
3.47±0.42
*
 
2.33±0.41
*
 
0.699±0.01
*
 
0.761±0.00
*
 
0.743±0.03
*
 
 
 
DCP II 
(133.8 mg/kg b.wt.) 
24 
48 
72 
2122 
2171 
2164 
 
11 
7 
5 
4.54±0.51
**
 
4.03±0.52
**
 
3.34±0.42
*
 
0.693±0.02
*
 
0.701±0.02
*
 
0.688±0.01
*
 
 
DCP III 
(200.7 mg/kg b.wt.) 
24 
48 
72 
2029 
2041 
2017 
16 
9 
6 
5.37±0.60
**
 
4.06±0.54
**
 
3.63±0.40
*
 
0.617±0.01
* 
0.630±0.01
**
 
0.639±0.03
 *
 
Normal control (water); positive control (cyclophosphamide); DCP I (66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); PCEs 
(polychromatic erythrocytes); MNPCEs (micronucleated polychromatic erythrocytes);*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 
(One way ANOVA, post hoc Tukey)
 
. 
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Fig. 3.1 Multiple concentration and duration dependent profiles of MN by 
dichloroethane in Rattus norvegicus along with their standard percent error depicted 
by error bars. Normal control (water); positive control (cyclophosphamide); EDC I 
(80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.); 
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, 
post hoc Tukey)
 
 
Fig. 3.2 Multiple concentration and duration dependent profiles of MN by 
dichlorophene in Rattus norvegicus along with their standard percent error depicted 
by error bars. Normal control (water); positive control (cyclophosphamide); DCP I 
(66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); 
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, 
post hoc Tukey) 
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Fig. 3.3 Photomicrograph showing normal polychromatic and normochromatic 
erythrocyte (a), micronucleated cell (b) in the bone marrow cells of Rattus norvegicus 
treated in vivo with different doses of dicholoroethane and dichlorophene. Metaphase 
plate of bone marrow cells with different types of chromosomal aberrations (c–i); (c) 
Normal metaphase; (d) Sticky chromosome; (e) Dicentric; (f) Break; (g) Acentric 
fragment and Gap; (h) Polyploidy; (i) Ring chromosome (100X oil immersion lens) 
Cytogenetic Studies                       Chapter 3 
 
42 
3.3.2 Chromosomal Aberration (CA) 
These results for EDC and DCP have been presented in tables 3.3 and 3.4 
respectively. The diploid metaphase compliments of Rattus norvegicus show the 
characteristic 42 chromosomes with metacentric, submetacentric, subtelocentric and 
acrocentric appearances. The profiles of CAs due to administration of various doses 
of both the chemicals at multiple intervals have been illustrated in figures 3.4 and 3.5. 
The maximum significant CAs observed were 6.34±1.69 and 6.30±0.60 respectively 
for EDC and DCP at the highest concentration in 24h (P<0.05). Comparatively, the 
injurious effect of CAs was found to be lesser in other two durations for each 
concentration. The exposed groups differ significantly in comparison with control 
groups. The observed aberrations include breaks, gaps, translocations, stickiness, 
pulverization, acentric fragments, dicentrics and polyploidy but were not unique for 
any special treatment group qualitatively; however, a dose and time dependent 
increase in total aberrations was observed. Some of the representative 
photomicrographs of CAs have been presented in figure 3.3(c-i). The study was 
further extended to observe MI to characterize proliferating cells. A significant 
reduction in the mitotic index at higher doses was observed. The significant dose 
dependent decrease at each duration of both these chemicals (table 3.3 and table 3.4), 
points to inhibitory effect on cell division. 
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Table 3.3 Incidence of in vivo chromosomal aberrations and mitotic index recorded in the bone marrow cells of Rattus norvegicus exposed to various 
doses of dichloroethane at various durations 
 
Group & Dose Time 
(h) 
Structural Aberrations Mean frequency of 
aberrations±S.E 
Mean percent 
MI±S.E 
Break Gap Fragment Ring Dicentric Deletion 
 
Normal control 
(NC) 
24 
48 
72 
0 
0 
0 
1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 
0 
1 
1 
0.62±0.01 
0.94±0.29 
0.62±0.01 
2.78±0.23 
2.94±0.20 
2.82±0.15 
 
Positive control 
(PC) 
(40 mg/kg b. wt.) 
24 
48 
72 
9 
7 
7 
10 
5 
6 
4 
4 
3 
3 
3 
2 
3 
3 
2 
2 
3 
2 
8.31±2.08
**
 
6.80±1.79
**
 
6.45±1.31
**
 
1.41±0.15
**
 
1.46±0.11
***
 
1.43±0.05
***
 
 
 
EDCI 
(80.7 mg/kg b.wt.) 
24 
48 
72 
5 
4 
2 
4 
2 
2 
3 
3 
1 
3 
2 
0 
4 
3 
2 
4 
2 
1 
5.63±1.56
*
 
4.97±1.40
*
 
2.07±0.92
*
 
2.44±0.15 
2.42±0.13 
2.23±0.12 
 
 
EDCII 
(161.4 mg/kg b.wt.) 
24 
48 
72 
5 
4 
2 
5 
3 
2 
4 
3 
2 
4 
2 
1 
4 
3 
3 
2 
3 
6 
6.30±1.69
**
 
4.89±1.50
*
 
3.28±1.11
*
 
2.31±0.09 
2.08±0.13
*
 
2.12±0.11 
 
 
EDCIII 
(242.1 mg/kgb.wt.) 
24 
48 
72 
5 
4 
3 
4 
3 
2 
4 
3 
3 
3 
2 
1 
4 
4 
3 
4 
4 
5 
6.34±1.69
**
 
5.13±1.46
*
 
4.46±1.33
*
 
2.14±0.02
*
 
2.02±0.08
*
 
2.07±0.07 
Normal control (water); positive control (cyclophosphamide); EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.); 
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001(One way ANOVA, post hoc Tukey)
 
. 
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Table 3.4 Incidence of in vivo chromosomal aberrations and mitotic index recorded in the bone marrow cells of Rattus norvegicus exposed to various 
doses of dichlorophene at various durations 
 
Group & Dose Time 
(h) 
Structural Aberrations Mean frequency of 
aberrations±S.E 
Mean percent 
MI±S.E 
Break Gap Fragment Ring Dicentric Deletion 
 
Normal control 
(NC) 
24 
48 
72 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
0.95±0.12 
0.98±0.13 
0.65±0.02 
2.83±0.21 
2.91±0.23 
2.79±0.14 
 
Positive control 
(PC) 
(40 mg/kg b. wt.) 
24 
48 
72 
8 
7 
6 
9 
3 
3 
4 
4 
3 
2 
2 
3 
3 
4 
4 
3 
3 
2 
7.97±0.90
**
 
6.80±0.56
**
 
6.47±0.49
**
 
1.47±0.10
**
 
1.39±0.11
***
 
1.38±0.03
***
 
 
 
DCP I 
 (66.9mg/kg b.wt.) 
24 
48 
72 
3 
2 
0 
3 
1 
1 
2 
1 
1 
2 
2 
1 
4 
4 
2 
3 
2 
2 
3.95±0.35
*
 
3.11±0.32
*
 
1.09±0.09
*
 
2.47±0.16 
2.39±0.14 
2.20±0.12 
 
 
DCP II  
(133.8mg/kg b.wt.) 
24 
48 
72 
4 
3 
1 
3 
3 
2 
3 
3 
2 
4 
2 
1 
5 
3 
3 
4 
3 
3 
5.63±0.50
**
 
3.48±0.34
*
 
2.76±0.22
*
 
2.31±0.08 
2.08±0.11
*
 
2.11±0.13 
 
 
             DCP III 
(200.7 mg/kg b.wt.) 
24 
48 
72 
4 
3 
2 
3 
3 
2 
4 
3 
2 
2 
3 
1 
5 
4 
3 
6 
4 
3 
6.30±0.60
**
 
4.63±0.45
**
 
3.28±0.37
*
 
2.11±0.03
*
 
2.05±0.07
*
 
2.09±0.06 
Normal control (water); positive control (cyclophosphamide); DCP I (66.9mg/kg b.wt.); DCP II (133.8mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); 
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Fig. 3.4 Multiple concentration and duration dependent profiles of CAs by 
dichloroethane in Rattus norvegicus along with their standard percent error depicted 
by error bars. Normal control (water); positive control (cyclophosphamide); EDC I 
(80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.); 
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way 
ANOVA, post hoc Tukey) 
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by error bars. Normal control (water); positive control (cyclophosphamide); DCP I 
(66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); 
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way 
ANOVA, post hoc Tukey) 
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3.4 Discussion 
The short term tests in mammals have received much attention as protective 
prerequisite to human life (Klobucar et al. 2003; Avishai et al. 2002), and the most 
reliable genotoxicity evaluation in mammals have recommended a combination of 
CAs and MN (Prasad et al. 2009). The CAs could qualitatively and quantitatively 
detect clastogenic activity as observed by (Dimitrov et al. 2006), while the MN assay 
detects both clastogenic effects and damage to the mitotic apparatus with aneugenic 
consequences. This established the relevance of choosing a battery of tests for our 
study with dichloroethane and dichlorophene – chemicals having wide use. For 
comparison and to demonstrate the ability of genotoxic effect, each evaluation 
included a treatment with a known clastogen, cyclophosphamide as positive control in 
the present case. The study design followed strict recommendations of Brzovic et al. 
(2009). The durations chosen in the present study i.e. 24, 48 and 72h allow a 
sufficient window period to detect clastogen and spindle poisons and is justified in the 
light of earlier studies (Shaikh et al. 2012; Nabeel et al. 2008). One of the most 
favoured parameter is the assessment of CAs. The use of CAs in the evaluation of 
genotoxicity has been recommended earlier by Geurtsen (2000) and recently Ribeiro 
(2008) also used the same in their review papers on biocompatibility testing. The 
method has been successfully extended in many evaluations so far (Bakopoulou et al. 
2008; Nishimura et al. 2008; Hagiwara et al. 2006).  
Our results have shown that the test chemicals induce significant cytogenetic 
damage in BMCs evidenced by increase in MN and CAs. The increase in MNPCEs, 
especially 24h post treatment; thereafter, a gradual decrease at other two durations is 
noteworthy as it is quite opposite to an earlier study by Jessen and Ramel (1980). The 
cytotoxicity indicator P/N ratio reflecting a dose dependent depression in most cases 
is also clearly evident. The alteration in the ratio points towards accelerated 
differentiation from erythroblasts to form erythrocytes, inhibition of erythroblast 
division or because of erythroblast division recovery (Lone et al. 2013). 
During our observations on CAs, a surge in aberrations in the early duration 
and a decline in later intervals could be due to a number of factors such as elimination 
of chemical or metabolites from the body, repairing of the damaged genetic material 
and removal of chromosomes with damaged genetic material (Shyama and Rahiman, 
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1993). The ability of EDC and DCP to inhibit or induce mitotic progression indicates 
a possible cellular death or delay in the cell proliferation kinetics and similar 
observations have been reported by Öcal and Eroglu (2012) and Sant’Anna et al. 
(2015). 
It is significant to note an increase in aberrations 24h post treatment, that 
gradually decreases over a period of time. The type of breaks brought about by the 
test chemicals in question indicates that they are active in a specific phase of cell 
cycle. Most of the chemical mutagens act specifically during a particular part of cell 
cycle (Bender et al. 1974). The assessment also fully agrees with the observation 
made by Savage that stickiness is a transient phenomenon. It is interesting to note that 
during present investigation aberrations like stickiness, pulverization, rings and 
dicentrics followed a dose and time response. Although not studied; biochemicals and 
related interpretations of earlier studies by investigators like Shyama and Rahiman 
(1993) and Giri et al. (1981) explained the induction of stickiness. It is inferred that 
chemicals induce stickiness, a complicated phenomena involving properties of 
chromosomes. 
Neoplasia, as generally accepted is the result of causal events of the CAs. It 
has earlier been postulated, that increased chromosomal damage may reflect an 
enhanced cancer risk (Liou et al. 1999). The importance of such genotoxic effect 
could be a reason in the initiation of cancer. Hagmar et al. (1994) is of the view that 
an increased level of chromosomal breakage appears to be a possible biomarker of 
future cancer risk. Since CAs are found in tumor cells, the epidemiological studies of 
Bonassi et al. (2000) concluded that the CA frequency can, to an extent, predict the 
overall cancer risk in healthy subjects. The finding in the present work concludes that 
the increase in total CAs in EDC and DCP treatments needs to be monitored on 
regular basis. 
The CA and MN assays taken together indicate that EDC and DCP at higher 
concentration and in early stages clearly damage the genome (Lone et al. 2013; 
Watanabe et al. 2007). No treatment given less than 10h before bone marrow 
sampling is expected to give a clear response in MN assay. Therefore, using various 
treatments at different intervals fulfils the requirement for a sensitive MNT in the 
battery of short term tests applied to detect chemical mutagens (Kliesch et al. 1982). 
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In the present study the effect of the chemicals was observed at different intervals to 
fulfil the above requirement of a sensitive MNT to evaluate the genotoxicity of EDC 
and DCP.  
In the three dose levels of EDC and DCP, the frequency of MN in 
polychromatic erythrocytes (PCEs) were elevated and consistently appeared above the 
control level. There was a concentration dependent increase in the formation of 
MNPCEs with the maximum being observed 24h post treatment. The earlier 
experiments observed that the induction of micronuclei in the PCEs of bone marrow 
cells has been regarded as one of the most sensitive bioassays for genotoxicity of a 
compound (Fatma and Ihab, 2004; Heddle et al. 1983). The same has been reinstated 
by Hayashi et al. (1984), that the micronuclei induced by clastogenic chemicals in 
PCEs of mouse bone marrow are directely derived from structural chromosomal 
aberrations. The dosimetric aspects of micronucleated cells agrees well with those 
reported from metaphase analysis of aberrations in cultured human lymphocytes 
irradiated by X – rays (Coutryman and Heddle, 1976).  
The relation between CAs and MN can be demonstrated on the basis of 
theoretical consideration (Heddle and Carrano, 1977). A detailed analysis of MN 
induction by spindle poisons is important to get a complete understanding of the 
mechanisms of MN formation. However, in the present study, an increased frequency 
of micronucleated cells can be taken as biomarker of genotoxic effect that can reflect 
exposure to agents with clastogenic; chromosome breaking (DNA as target) or 
aneuploidogenic effect on chromosome number (mostly non – DNA target), on the 
similar lines as of Titenko – Holland et al. (1997).  
The frequency of EDC and DCP induced MNPCEs increased with time and 
reached its peak after 24h and then gradually decreased but were statistically 
significant. The PCE/NCE ratio is an indicator of inhibition of nucleated 
erythropoeitic cell divisions, and is, therefore, important for MNT. Such changes in 
PCE/NCE ratio have been suggested due to unbalanced changes in number of both 
PCE and NCE (Suzuki et al. 1993; 1989).The ratio may be altered in several ways– 
due to acceleration of differentiation of erythrocytes from erythroblasts, inhibition of 
erythroblast division and recovery of erythroblast division. 
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The MI assay is specially useful in mammalian system to characterize 
proliferating cells and identify compounds that inhibit or induce mitotic progression. 
Eroglu (2009) suggested that MI can effectively measure the proportion of cells in the 
M–phase of the cell cycle. Its inhibition could be considered due to cellular death or 
delay in the cell proliferation kinetics.  
The parameters, chromosomal aberration assay, micronucleus assay and 
mitotic index investigations used here suitably prove that dichloroethane and 
dichlorophene can not only have cytotoxic but also genotoxic tone.  
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4.1 Introduction
In order to assess the possible impact of environmental and occupational
exposure on health, it is necessary to identify the effects of exposure through
epidemiological studies. The efforts have been continuously made to identify
genotoxic agents, to determine conditions of harmful exposure and to monitor
populations on regular basis that are excessively exposed (Maluf and Erdtmann,
2000). In doing so a single parameter cannot accurately judge a compound, so the
multiple genetic assays is a standard protocol; therefore, of late, the protocols directly
endorsing DNA damage following chemical insult have been favoured. The comet
assay is one such test; most suitable, fast and practiced globally for assessing DNA
damage with a great potential in biomonitoring (Wada et al. 2015; Muid et al. 2012).
It is a well-established, sensitive method for identifying single/double-strand DNA
breaks, alkali labile sites, DNA cross-links, base-pair damages and apoptotic nuclei. It
is not only cost-effective procedure but also comes up with numerous variations and
applications. It also provide answers to important questions relating the background
levels of DNA damage in normal and abnormal cells, variation in repair capacity
within the humans and regulation of DNA repair capacity at the molecular level
within the nucleus. The in vitro studies using human lymphocytes by Jamil et al.
(2005) with a greater focus on organochlorine pesticides bear testimony to this: that
comet assay is a sensitive and rapid method. During the past few years, there has been
a great interest in developing rapid and economical tests to identify the effects of
exposure to environmental agents that can affect the health due to DNA damage. The
detection of DNA damage at the level of an individual eukaryotic cell warrants
greater significance in the fields of toxicology, genotoxicity testing, pharmaceuticals,
environmental/human bio-monitoring, genetic disorder diagnosis etc.
Ostling and Johnson (1984) demonstrated DNA strand migration from nuclei
which were exposed to an electric field under neutral conditions. Later, Singh et al.
(1988) modified and optimized this procedure using alkaline conditions, substantially
increasing its specificity and reproducibility. Since then Singe Cell Gel
Electrophoresis (SCGE) has gained huge popularity and status of a standard technique
for the assessment of DNA damage and repair. There has been constant innovation
and modifications in the procedure which led to an array of different forms of comet
assay (Collins, 2004). The most widely used method nowadays for the assessment of
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DNA damage is the alkaline comet assay which has been performed in the present
study. The principle behind alkaline comet assay is that of the treatment of agarose-
embedded cells with hypertonic lysis solution and non-ionic detergent removing their
cell membranes, cytoplasm, nucleoplasm and dissolving nulceosomes. Subsequently,
when the leftover nucleoid is treated with high alkaline solution, DNA supercoils
unwind and relax thereby exposing the alkali labile sites (apurinic as well as
apyrimidinic sites) which appear as DNA strand breaks. Such breaks migrate towards
the anode when electric current is applied during electrophoresis thereby producing a
‘comet’-like appearance. A higher alkali concentration substantially improves the
resolving power of the assay.
Therefore, the focal aim of this technique in our study was DNA damage in
peripheral blood cells as it can be used as a biomarker of health outcome, assessing
genetic damage due to exposure that results from non-repaired primary lesions in
organochlorine exposure. Overwhelming observations on EDC focused on hepatic
DNA, inducing strand breaks (Burcham, 2013; Sasaki et al. 1998). An early study
though reported a low level of DNA alkylation in other organs as well (Koplan,
2001). The DNA adduct formation following exposure to EDC have been reported
using different exposure routes (Watanabe et al. 2007).
Some of the mutagenic studies did appear in Drosophila melanogaster using
various conventional endpoints, sex-linked recessive lethal and chromosome non-
disjunction. There are very few such studies available in the literature on EDC and
DCP according to the current guideline for testing of chemicals. In many instances, the
early studies demonstrated mutagenicity, but only tested with a single dose as opposed
to the recommended multiple doses by current Organisation for Economic Co-operation
and Development (OECD) guidelines (2010); therefore, these can not be considered
positive. Taking account of the broad use of organochlorines in general and the test
chemicals in particular, qualify for close scrutiny.
We know that in multicellular eukaryotic organisms, cell death can take place
by at least two distinct processes; apoptosis and necrosis. Apoptosis or programmed
cell death occurs in two distinct stages; firstly the cell undergoes nuclear and
cytoplasmic condensation and finally breaks up into a number of membrane bound
fragments containing structurally intact organelles. Later on, these cellular fragments
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called apoptotic bodies are phagocytosed by the neighbouring cells and degraded
rapidly (Elmore, 2007; Schwartzman and Cidlowski, 1993). On the other hand,
necrosis; cell death due to injury or trauma exhibits nuclear swelling, chromatin
flocculation, loss of nuclear basophilia, breakdown of cytoplasmic structure and
organelle function, and cytolysis by swelling (Zhivotovsky and Orrenius, 2001).
Necrosis has been reported in the histopathological studies of EDC earlier (ATSDR,
1994; Torkelson and Rowe, 1981) but no study has confirmed it through DNA
extraction resolved on agarose gel and same is the case with DCP. So in the present
study DNA extraction was performed for the assessment of necrosis in rats treated
with the chemicals under study.
If seen practically while the global methylation level of leukocyte DNA is
considered a suitable biomarker for cancer risk, the level may be influenced by
multiple factors, host-related or environmental based, one of which is exposure to
environmental pollutants. To date, three epidemiologic studies have reported
associations between serum organochlorine levels and global DNA methylation level,
but their findings are not of consistent nature. The associations thus are in need for
confirmation in other well-characterized manner and the concern is shared by Itoh et
al. (2014). This important point is also explored in the studies presently undertaken.
The relation between organochlorine exposure and the DNA level of liver tissues is
explored in Wistar rats, therefore.
The studies with special reference to EDC have shown that the chemical can
induce single strand breaks in the DNA fragments of Chinese hamster ovary (CHO)
cells (IARC, 1979) however no such studies have been reported in the case of DCP.
Could it be that activation of cell death by organochlorines can be suggestive of an
altruistic pathway of self removal of potentially mutant cells which have been
sublethally hit by DNA damaging stress (Mandal et al. 2011; Panneerselvam et al.
1999). Thus, the present study also takes on necrosis in R. norvegicus exposed to
multiple sublethal concentrations of EDC and DCP at three exposure times. The study
was conducted to resolve DNA smearing pattern on agarose gel electrophoresis.
4.2 Methodology
The extent of DNA damage was determined by the method of Singh et al.
(1988) with slight modifications. The peripheral blood cells were embedded in
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agarose on a microgel slide, lysed with the detergent and high salt to form nucleoids
containing supercoiled loops of DNA linked to the nuclear matrix. The DNA strand
breaks and alkali-labile lesions form smaller DNA fragments when treated with alkali.
Electrophoresis at high alkaline pH results in structures resembling comets, observed
by fluorescence microscopy; the intensity of the comet tail relative to the head reflects
the number of DNA breaks and size of the resulting fragments. The detailed
description of the methods carried out here are in chapter 2; section 2.6. and 2.7.
4.3 Results
4.3.1 Comet Assay
The assay gives an insight of DNA damage in a single cell and the results of
DNA damage induced by EDC and DCP expressed as mean tail DNA, tail length and
Olive tail moment (OTM) of comet have been summarized in tables 4.1 and 4.2
respectively with representative comet micrographs (Fig. 4.3). Immediately after the
treatment, DNA damage was evaluated as a measure of DNA tail fragmentation
OTM. Treatment of rats with chosen concentrations of EDC and DCP at multiple
durations resulted in a significant elevation in the migration of DNA (p<0.05) when
compared with the normal control group.
The treatment of rats with EDC and DCP, involving sub-lethal concentrations
of 10%, 20% and 30% of LD50 caused a dose and time dependent increase in the
OTM, clearly indicating an increase in the DNA damage as a function of median
OTM of the comet at all the post-treatment concentration and durations respectively
(Fig. 4.1; 4.2). The maximum DNA damage 19.87±1.14 and 13.33±1.22 was
respectively observed for EDC and DCP at 24h and 72h (table 4.1; 4.2). The images
clearly indicate and the tables further authenticate that when blood cells were exposed
to these organochlorine compounds, the percentage of DNA in the tail of the comet as
well as the tail length was substantially increased. With increasing doses, more DNA
moved out of the comet head as shown in the representative figure 4.3b-d,
alternatively no tail was observed in the control (Fig. 4.3a). The examination of DNA
migration at multiple post-treatment durations showed a consistent increase in DNA
damage with each concentration used except highest concentration in EDC, where a
maximum DNA damage was observed at 24h (table 4.1). The results of DNA damage
on treatment of different concentrations of both the chemicals at various durations
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were statistically significant (p<0.05). Exposure of rats with different doses of EDC
and DCP at multiple durations increased the OTM significantly when compared with
the concurrent normal control at different post-treatment durations (Fig. 4.1; 4.2).
In conclusion while evaluating genotoxic effects of these chemicals in rat
blood cells, the comet assay revealed that EDC and DCP were found to cause DNA
damage at all the post-treatment concentrations and durations.
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Table 4.1 Incidence of in vivo DNA damage in rat blood cells exposed to various doses of dichloroethane at multiple durations
Group & Dose Time
(h)
Mean Head
DNA±SEM
Mean Tail
DNA±SEM
Mean Tail
length±SEM
Mean
OTM±SEM
Mean Tail
coefficient±SEM
Normal control
(NC)
24
48
72
97.54±0.30
93.59±0.43
85.27±0.96
2.45±0.30
6.40±0.43
14.72±0.96
1.15±0.34
2.84±0.62
3.86±0.46
0.18±0.02
0.90±0.15
0.86±0.07
1.81±0.38
3.26±0.38
3.34±0.50
Positive control
(PC)
(40 mg/kg b. wt.)
24
48
72
65.09±1.70**
62.73±1.05***
54.36±2.14***
34.90±1.70*
37.27±1.05**
35.63±2.14**
38.14±2.62**
37.00±0.85**
55.29±3.35**
10.37±0.72***
6.92±0.23***
14.73±0.78***
9.33±0.77*
8.74±1.11**
11.25±0.83**
EDC I
(80.7 mg/kg b.wt.)
24
48
72
67.26±1.68**
63.08±3.10***
64.17±1.96***
32.73±1.68*
36.91±3.10**
35.82±1.96**
34.67±1.16*
36.10±4.03**
50.68±3.89**
6.70±0.33**
10.78±1.27***
12.73±1.37***
9.09±1.25*
10.69±1.39**
10.8±80.96**
EDC II
(161.4 mg/kg b.wt.)
24
48
72
63.02±2.70**
49.26±3.81***
54.40±2.91***
36.97±2.70*
50.73±3.81**
45.59±2.91**
44.40±3.68**
39.65±3.29**
57.22±4.90**
9.92±0.98**
16.20±1.42***
19.40±2.03***
8.82±0.84*
10.40±1.03**
13.97±1.85**
EDC III
(242.1 mg/kg b.wt.)
24
48
72
54.63±1.89***
50.01±2.85***
57.99±2.57***
45.36±1.89*
49.98±2.85**
42.00±2.57**
63.20±3.15***
48.00±3.74***
65.07±4.60***
19.87±1.14***
16.31±1.27***
19.52±1.48***
13.07±0.83**
13.15±1.35**
13.84±1.05**
Normal control (water); positive control (cyclophosphamide); EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.); Olive
tail moment (OTM); *statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
.
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Table 4.2 Incidence of in vivo DNA damage in rat blood cells exposed to various doses of dichlorophene at multiple durations
Group & Dose Time
(hrs)
Mean Head
DNA±SEM
Mean Tail
DNA±SEM
Mean Tail
length±SEM
Mean
OTM±SEM
Mean Tail
coefficient±SEM
Normal control
(NC)
24
48
72
96.98±0.60
93.99±0.47
87.97±1.22
3.02±0.60
6.01±0.47
12.02±1.22
1.58±0.40
2.67±0.63
3.17±0.50
0.33±0.08
0.86±0.15
0.73±0.08
2.37±0.49
3.18±0.37
3.73±0.44
Positive control
(PC)
(40 mg/kg b. wt.)
24
48
72
63.38±1.93***
61.62±1.72***
60.68±1.92***
36.61±1.93***
38.37±1.72***
39.31±1.92***
40.91±2.68***
38.51±1.05***
51.01±3.71***
11.28±0.84***
8.23±0.73**
12.52±0.81***
10.12±0.79**
8.06±0.79**
11.15±1.11**
DCP I
(66.9 mg/kg b.wt.)
24
48
72
69.21±2.58**
61.35±2.85***
59.03±2.83***
30.78±2.58**
38.64±2.85***
40.96±2.83***
24.36±1.87**
31.21±1.67**
43.33±3.16**
7.58±0.61**
9.68±0.71***
13.33±1.22***
7.40±0.78*
8.17±0.62**
8.81±0.66**
DCP II
(133.8 mg/kg b.wt.)
24
48
72
69.85±3.89**
67.29±2.68**
62.54±3.30***
30.15±3.89**
32.70±2.68**
37.45±2.30***
21.97±2.84*
33.66±2.55**
31.19±3.90**
6.80±1.14**
10.55±0.87***
11.55±1.64***
7.76±2.23*
9.35±0.89**
9.18±1.08**
DCP III
(200.7 mg/kg b.wt.)
24
48
72
62.30±3.67***
72.21±2.60**
70.90±3.08***
37.69±3.67***
27.78±2.60**
29.09±3.08**
24.28±2.64**
25.95±1.80**
34.89±3.48**
7.69±1.11**
9.58±1.18***
12.10±1.52***
7.98±2.26*
9.15±0.99**
9.70±1.03**
Normal control (water); positive control (cyclophosphamide); DCP I (66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); Olive
tail moment (OTM); *statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
.
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Fig. 4.1 Dose response relationship graph representing the effect of dichloroethane on
Olive tail moment (OTM) of the comet with increasing concentration at multiple
durations in Rattus norvegicus analyzed by the comet assay. Normal control (water);
positive control (cyclophosphamide); EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg
b.wt.); EDC III (242.1 mg/kg b.wt.)
Fig. 4.2 Dose response relationship graph representing the effect of dichlorophene on
Olive tail moment (OTM) of the comet with increasing concentration at multiple
durations in Rattus norvegicus analyzed by the comet assay. Normal control (water);
positive control (cyclophosphamide); DCP I (66.9 mg/kg b.wt.); DCP II (133.8 mg/kg
b.wt.); DCP III (200.7 mg/kg b.wt.)
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Fig. 4.3 Representative comet images of control (a) and dichloroethane and
dichlorophene exposed blood cells of Rattus norvegicus treated in vivo with different
doses showing slight (b) medium (c) and highly damaged cells (d) exhibiting
increasing DNA fragmentation
4.3.2 DNA Extraction
The pattern of fragments arising from the chemical activity was assessed by
agarose gel electrophoresis. DNA was extracted from hepatic tissue following
exposure of multiple concentrations of EDC and DCP at 24, 48 and 72h durations.
Induction and progression of necrosis in hepatic tissue was started by fragmentation
of DNA. The presence of such smeary appearance is the characteristic of necrotic
cells. A duration dependent cleavage of DNA was observed in hepatic tissues
presented in figures 4.4 and 4.5 respectively for EDC and DCP.
The extent of DNA damage was estimated in terms of smearing and lack of
intact band. Only in the control groups, almost no smearing and an intact band was
observed. This smeary DNA fragmentation observed in hepatic tissue was indicative
of necrosis. As the exposure time was prolonged increase in hepatic DNA damage
was evident by both the chemicals.
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Fig. 4.4 DNA degradation pattern of rat liver resolved on 1.5% agarose gel, treated with
dichloroethane at 24, 48 and 72h. Lane M: Marker; Lane 1: Normal control; Lane 2: Positive
control; Lane 3: EDC I (80.7 mg/kg b.wt.); Lane 4: EDC II (161.4 mg/kg b.wt.); Lane 5: EDC
III (242.1 mg/kg b.wt.) respectively. From gel picture it is marked that dichloroethane
treatment introduced DNA fragmentation by smearing of DNA on comparison to control.
Fig. 4.5 DNA degradation pattern of rat liver resolved on 1.5% agarose gel, treated with
dichlorophene at 24, 48 and 72h. Lane M: Marker; Lane 1: Normal control; Lane 2: Positive
control; Lane 3: DCP I (66.9 mg/kg b.wt.); Lane 4: DCP II (133.8 mg/kg b.wt.); Lane 5: DCP
III (200.7 mg/kg b.wt.) respectively. From gel picture it is marked that dichlorophene
treatment introduced DNA fragmentation by smearing of DNA on comparison to control.
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4.4 Discussion
The current observations have systematically examined the effects of
dichloroethane and dichlorophene in blood and liver cells of Rattus norvegicus treated
in vivo with different doses at various durations.
It appears that EDC and DCP, like many other chemicals are potent agents of
DNA damage. Recently, Blasiak et al. (2013) and Hossain et al. (2013) suggested that
such chemicals interact with cellular DNA by producing free radicals through direct
or indirect effect and there by create lesions in the exposed cell types. This may
culminate for the occurrence of cell cycle disturbances as has been shown in the next
section of the study; and aberrant mitoses leading to cell death as the chemical
treatment persists. Starting from the nucleus, the primary target of chemical damage is
the DNA (Winter et al. 2014; Orrenius et al. 2010), although previous observations on
EDC focused on hepatic DNA, inducing strand breaks (Burcham, 2013; Sasaki et al.
1998).
The observation by Güerci et al. (2011) suggesting cytogenetic methods
provide information only of average DNA damage. The observations raised the
concern for the need of more sensitive techniques for the evaluation of DNA damage
as been expressed from time to time (Cortés-Gutiérrez et al. 2011). It is not surprising
therefore, the emergence of comet assay as one such method because of its sensitivity
for the evaluation of various DNA damages in individual cells, including DNA strand
breaks, alteration in the base composition and alkali-labile sites (Nandhakumar et al.
2011). The comet assay is based on the alkaline labile sites of DNA damage, wherein
the cells are immobilized on agarose matrix, lysed and subjected to electrophoresis.
The unwound DNA migrates out of the cells and the cells that have accumulated
DNA damage appear as fluorescent comets after staining with a nucleic acid stain,
with tails of DNA fragmentation or unwound DNA. In our study, exposed cells with
DNA damage showed an increase in migration of DNA fragments (comet tail) from
the nucleus (comet head), which is considered a feature closely associated with the
necrotic/apoptotic death process (Aslanturk and Celik, 2013; Olive and Banath,
2006).
The increased DNA migration in blood cells observed after EDC and DCP
treatment can be a sum of cytotoxicity or genotoxicity induced by EDC and DCP. It
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has been reported earlier that EDC can increase the frequency of micronuclei, another
marker of DNA damage, in three metabolically competent human cell lines: AHH-1,
h2E1 and MCL5 (Doherty et al. 1996). In vitro EDC exposure in human lymphocytes
induced a statistically significant increase in DNA damage in the comet assay
(Tafazoli et al. 1998), however, no such study has been conducted in case of DCP.
The comet assay studies indicate that the maximum DNA damage observed at 24h
post treatment of EDC at the highest concentration in concordance with the previous
studies of (Gwinn et al. 2011; ATSDR, 2001). It must be noted that even the lowest
concentration of EDC and DCP increased DNA damaging effect significantly when
compared with untreated control; as has been calculated by Cheng et al. (2000) in
human lymphocytes.
Jagetia and Adiga (2000) and Jagetia et al. (2007) suggested that accumulation
of DNA damage is the hallmark of cell death. The increased Olive tail moment in the
present scenario is a pointer to this effect and may be due to direct induction of DNA
strand breaks or modification in DNA that can turn into strand-breaks. The DNA
strand breaks introduced by the chemicals or their byproducts may follow from
different modifications of the bases in DNA or even by changes in sugar phosphate
backbone (Swift and Golsteyn, 2014; Schipler and Iliakis, 2013). Although some
mutagenic studies of EDC did appear in insects and plants producing sex linked
lethal, chromosome non-disjunction and strand breaks (IARC, 1979).
The increase in OTM can generate even from stabilization of topoisomerase
II; a major component of the nuclear matrix and mitotic chromosome scaffold which
introduces DNA strand break on its interaction for a prolonged period and from the
action of free radicals (Li et al. 2010), which may have been enhanced by EDC and
DCP. The induction of DNA damage by the test agents can not be ascribed to a single
mechanism but may be due to interplay of several different mechanisms. Other than
these mechanisms, apoptosis induction for enhanced cytotoxicity and operation of
other unknown mechanisms in producing the chemically induced DNA damage by
these organochlorine chemicals cannot be ruled out. The exact mechanism of DNA
damage induction by the test agents is not fully understood.
The agarose gel electrophoresis is one of the usual methods for demonstrating
necrosis with DNA fragmentation, resulting into characteristic DNA smearing pattern.
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The test chemical exposures resulted in DNA smearing pattern, typical of necrosis
similar to that observed by Mahassni and Al-Reemi (2013) in human breast cancer
cells by phytochemicals. The result may be explained by the fact that in the presence
of the chemicals, the liver cells were subjected to necrotic death. The variation in the
results of bone marrow cell experiments discussed in chapter 3 and DNA extraction
study may be due to difference in tissue type, non availability of metabolites in bone
marrow leading to inactivation of chemicals. The variations in the DNA in different
lanes may be attributed to the loading differences (on w/v basis) among various
samples.
The results establish the basic pattern of understanding the mechanism of
necrosis, with particular prominence being given to the recognition of biochemical
events in DNA degradation. The study facilitates in identifying necrotic cells at an
early stage of commitment with a reasonable degree of success. The results from
tissues other than hepatic cells, as well as from other animals apart from R. norvegicus
will be needed to assess any broader application of these observations.
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5.1 Introduction
The attention of biomedical researchers has long been attracted by
mitochondria because of their role in numerous human diseases, being essential for
ATP production and susceptible to oxidative damage. As this oxidative stress leads to
mitochondrial dysfunction, it becomes imperative to study the mitochondrial
functioning as it is associated with many diseases. Based on the analysis of cellular
apoptotic content detected by DNA intercalator, propidium iodide (PI) in flow
cytometry; a powerful tool to reveal cell distribution in the three major phases of cell
cycle, G1, S and G2/M phases. It also allows to quantify the percentage of apoptotic
cells in the Sub G1 phase.
Among all the organelles involved in apoptosis, the role of mitochondria has
been deciphered the most in recent years (Chandel, 2014). This is due to the fact that
investigations have shown that apoptotic stimuli leads to the permeabilization of the
mitochondrial outer membrane, which inturn results in the localization of a number of
soluble proteins to the inner and outer chambers and serve as caspase activators in the
cytosol or stimulate the endonuclease activity in the nucleus (Landes and Martinou,
2011). It is this very release from the mitochondria that is central to most forms of
apoptosis. In this process, mitochondrial membrane potential (Ψm) integrity plays a
serious role not only in the induction of apoptosis but also in the localization of
various proteins into the mitochondria for cell proliferation and survival. This ability
is likely to be affected by certain chemicals.
Saquib and his co-workers (2012) have shown that the mode of action of
organochlorines is associated with the activation of mitochondrial intrinsic apoptotic
pathway and to the perturbations in the cell cycle progression. Further, the universal
model system such as eukaryotic mitochondria reveals the energetic mode of action
during acute poisoning of the metabolizing tissue (Cetkauskaite et al. 2006). We have
attempted to co relate this study with apoptosis on mechanistic basis through Ψm and
cell cycle analysis.
The study assumes significance, since molecular events leading to cyto- and
genotoxicity caused by acute exposure to candidate compounds i,e. dichloroethane
(EDC) and dichlorophene (DCP) have not been systematically investigated, so the
present study was designed to provide a dose response relationship of mammalian
mutagenicity and acute toxicity of these test compounds by intraperitoneal route of
administration, since there are very sparse studies available for evaluating the
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genotoxicity of the test chemicals on these lines. Therefore, in this study
organochlorine compound induced apoptosis was assessed in Wistar rats by the use of
sensitive flow cytometric technique. The present study was conducted to determine,
whether the test chemicals in question can inflict cellular stress, measured in terms of
changes in Ψm and cell cycle alterations using flow cytometry; as indicators of
apoptosis in white blood cells (WBCs) of exposed rats.
5.2 Methodology
The flow cytometric measurements of change in Ψm and cell cycle alterations
due to EDC and DCP, as a result of mitochondrial perturbation was studied using
fluorescence dye Rhodamine-123 (Rh-123) and Propidium Iodide (PI) respectively.
The cell cycle changes induced by EDC and DCP were investigated by PI staining
after the treatment at chosen concentrations for the desired durations. The cells were
fixed in 70% cold ethanol for 48h, washed with PBS, subjected to RNase digestion
(400 μg/ml) at 37°C for 45 min. Finally, cells were incubated with PI (10 μg/ml) and
analyzed immediately on flow cytometer FACS ARIA II (Becton Dickinson, USA).
The method of Majeed et al. (2015) and Bakheet et al. (2011) were followed for flow
cytometric measurements of change in Ψm and cell cycle using mitochondrial specific
fluorescence dyes. The detailed procedures are in chapter 2; section 2.8.
5.3 Results
The study revealed the uptake and cellular internalization of EDC and DCP in
rat WBCs. These chemicals upon internalization produced genotoxic effects and
disruption of mitochondrial membrane, thereby leading to apoptosis. The results
summarized in figures 5.1 – 5.14, described below in detail:
5.3.1 Cell Cycle Analysis
The effect of the test agents on cell cycle phase distribution of leukocytes in
Rattus norvegicus was explored by flow cytometry following various EDC and DCP
treatments, observed after 24, 48 and 72h. In 24h treatment, EDC induced a maximum
apoptotic cell population of 3.5%, 33.4% and 38.0% respectively at the indicated
concentrations. For normal control the apoptotic content reflected as apoptotic cell
percentage was 8.9% and positive control (cyclophosphamide) have shown 100% in
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the apoptotic phase (Fig. 5.1 I). After 48h post-treatment of EDC, apoptotic cell
population increased from 15.1% to 33.4% compared to the normal control of 5.5%
and against the positive control which showed 77.9% of apoptotic cell population
(Fig. 5.1 II). In 72h treatment, EDC showed maximum apoptotic cell population of
86.3% at the highest concentration compared to normal control of 10.3% and positive
control 91.5% (Fig. 5.1 III).
On the other hand in DCP treatment, no significant change in apoptotic cell
population was observed compared to the respective normal and positive controls in
24 and 48h treatments (Fig. 5.2 I, II). But in 72h treatment, a surge in apoptotic cell
population was observed. DCP showed a maximum apoptotic content of 70.9%,
which however, did not increase on increasing the concentration and remained at
62.3% on other two higher concentrations used (Fig. 5.2 III). It was obvious that the
ratio of apoptotic peak in the EDC treated groups was significantly higher compared
with control group and on comparison with DCP treated groups (P <0.05).
The cell cycle results of both the chemicals have shown that the apoptotic peak in
sub-G1 is away from G1. However, the sub-G1 peak is more prominently away in 72h
treatment, so it is mentioned here that apoptosis was prominent in 72h treatment.
It is thus concluded that EDC showed concentration dependent increase in the
apoptotic content of WBCs. While DCP exhibited significant increase in the apoptotic
content at 72h. Thus both these compounds inflicted significant apoptotic effects in
rat WBCs and the ratio of apoptotic peak in the EDC and DCP-treated groups was
significantly increased compared with control group as shown in figures 5.1 (a) and
5.2 (a) respectively.
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Fig. 5.1 Effect of dicholoroethane on cell cycle phase distribution of rat WBCs. Flow cytometric analysis of WBCs after propidium iodide staining. Rats were
treated with different doses of EDC for 24, 48 and 72h (I, II and III) respectively. Figures show the representative staining profile of one of the experiment. P3
(Sub-G1) is the population of apoptotic cells. P3, P4, P5 and P6 represent Sub-G1, G1, S and G2/M phases of cell cycle in the figure respectively.
(I)
(II)
(III)
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Fig. 5.2 Effect of dicholorophene on cell cycle phase distribution of rat WBCs. Flow cytometric analysis of WBCs after propidium iodide staining. Rats were
treated with different doses of DCP for 24, 48 and 72h (I, II and III) respectively. Figures show the representative staining profile of one of the experiment. P3
(Sub-G1) is the population of apoptotic cells. P3, P4, P5 and P6 represent Sub-G1, G1, S and G2/M phases of cell cycle in the figure respectively.
(I)
(II)
(III)
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Fig. 5.1(a) Effect of dicholoroethane on cell cycle of rat WBCs. Flow cytometric analysis of
WBCs after being treated with varying concentrations of EDC viz EDC I (80.7 mg/kg b.wt);
EDC II (161.4 mg/kg b.wt); EDC III (242.1 mg/kg b.wt); normal control (NC); positive
control (PC) at 24, 48 and 72h durations. The cell counts in different cell cycle phases were
extracted for data analysis. Each result is presented as mean±S.D. of three independent
experiments. In each representative flow cytometric histogram of cell cycle, different cell
cycle phases of WBCs refer to apoptotic peak (Sub-G1), G1 phase, S phase and G2/M phase.
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Fig. 5.2(a) Effect of dicholorophene on cell cycle of rat WBCs. Flow cytometric analysis of
WBCs after being treated with varying concentrations of DCP viz DCP I (66.9 mg/kg b.wt);
DCP II (133.8 mg/kg b.wt); DCP III (200.7 mg/kg b.wt); normal control (NC); positive
control (PC) at 24, 48 and 72h durations. The cell counts in different cell cycle phases were
extracted for data analysis. Each result is presented as mean±S.D. of three independent
experiments. In each representative flow cytometric histogram of cell cycle, different cell
cycle phases of WBCs refer to apoptotic peak (Sub-G1), G1 phase, S phase and G2/M phase.
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5.3.2 Analysis of Mitochondrial Membrane Potential (Ψm)
The EDC and DCP treatments (10%, 20% and 30% of LD50) were given to
Rattus norvegicus and examined for the effects on Ψm in WBCs for 24, 48 and 72h as
measured by flow cytometry. The effect on Ψm in neutrophils, eosinophils,
lymphocytes, monocytes and platelets revealed some interesting facts.
In 24h treatment, both these chemicals showed maximum effect on
neutrophils, showing Ψm decrease ranging from 3.9% to 41.0% in EDC and 14.0% to
73.2% in DCP using the chosen concentrations, while Ψm decrease in normal control
was 0.2% having intact mitochondria (Fig. 5.3 I and Fig. 5.4 I). The second most
affected cell type in 24h was that of platelets, here the figure rose from 2.5% to 29.9%
in EDC and from 7.2% to 45.3% in DCP in terms of Ψm decrease compared to the
normal control of 1.6% (Fig. 5.3 IV and Fig. 5.4 IV). Other WBCs viz, monocytes,
lymphocytes and eosinophils showed their maximum Ψm decrease below 30% viz
17.6%, 12.4% and 12.4% in EDC and 27.7%, 25.9% and 25.6% in DCP at the highest
concentration used compared to the normal controls of 2.5%, 2.0% and 0.2%
respectively (Fig. 5.3 II, III, V and Fig.5.4 II, III, V).
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Fig. 5.3 Effect of dicholoroethane on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations of
EDC at 24h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of EDC
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(I)
(II)
(III)
(IV)
(V)
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Fig. 5.4 Effect of dicholorophene on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations of
DCP at 24h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of DCP
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(I)
(II)
(III)
(IV)
(V)
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Fig. 5.5 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment of
various concentrations of dichloroethane at 24h. Each histogram represents mean±S.E of Rh-
123 fluorescence obtained from 10,000 leukocytes
Fig. 5.6 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment of
various concentrations of dichlorophene at 24h. Each histogram represents mean±S.E of Rh-
123 fluorescence obtained from 10,000 leukocytes
Post-treatment 48h, EDC again showed highest effect on neutrophils leading
to Ψm decrease ranging from 33.3% to 59.2% at the chosen concentrations (Fig. 5.7
I). On the other hand DCP exerted its highest effect on lymphocytes registering a Ψm
decrease ranging from 19.9% to 28.0% viz-a-viz normal control of 0.5% (Fig. 5.8 III);
where the cells are bioenergetically active evident by high Rh-123 uptake. In
lymphocytes, EDC decreased Ψm ranging from 19.9% to 40.2% at indicated
concentrations in comparison to its normal control of 19.3% (Fig. 5.7 III). The effect
of both these chemicals on monocytes and eosinophils is comparisonly lesser and the
decrease in Ψm was observed to be below 30% (Fig. 5.7 II, V and 5.8 II, V). It must
be noted here that neutrophils were the least affected in DCP exposure unlike the
trend followed by EDC.
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Fig. 5.7 Effect of dicholoroethane on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations of
EDC at 48h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of EDC
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(II)
(III)
(I)
(IV)
(V)
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Fig. 5.8 Effect of dicholorophene on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations of
DCP at 48h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of DCP
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(I)
(II)
(III)
(IV)
(V)
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Fig. 5.9 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment of
various concentrations of dichloroethane at 48h. Each histogram represents mean±S.E of Rh-
123 fluorescence obtained from 10,000 leukocytes
Fig. 5.10 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment
of various concentrations of dichlorophene at 48h. Each histogram represents mean±S.E of
Rh-123 fluorescence obtained from 10,000 leukocytes
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In 72h treatment, EDC induced a remarkable decrease in Ψm in neutrophils
which was observed to be 52.6%, 60.5% and 86.4% at the chosen concentrations
respectively (Fig. 5.11 I) and almost a similar phenomenon was observed in DCP
where in the decrease in Ψm was more than 85% at the highest concentration used in
three cell types i,e. platelets, eosinophils and neutrophils compared to the normal
control. In platelets Ψm decrease reached upto 99.1% (Fig. 5.12 IV); in eosinophils
Ψm decrease was observed to reach upto 98.7% (Fig. 5.12 V), while in neutrophils
the decrease in Ψm ranged from 13.8% to 93.9% compared to the respective normal
controls (Fig. 5.12 I). EDC at 72h post-treatment also showed increased effects of Ψm
decrease in eosinophils, platelets and monocytes showing a maximum Ψm decrease of
85.9%, 85.8% and 70.1% respectively compared to their respective normal controls of
5.2%, 12.8% and 13.4% (Fig. 5.11 V, IV, II). Obviously the least effect in this
duration was on lymphocytes in both the chemicals (Fig 5.11 III and Fig. 5.12 III).
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Fig. 5.11 Effect of dicholoroethane on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations
of EDC at 72h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of EDC
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(I)
(II)
(III)
(IV)
(V)
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Fig. 5.12 Effect of dicholorophene on mitochondrial membrane potential (Ψm). Induced Ψm decrease in rat WBCs on treatment of different concentrations of
DCP at 72h. Figures show the representative FACS images from a single animal exhibiting decline in the Rh-123 fluorescence as a function of DCP
concentration. P8 and P9, P10 and P11, P12 and P13, P14 and P15, P16 and P17 respectively represent mean percentage of intact and decreased Ψm in (I)
Neutrophils, (II) Monocytes, (III) Lymphocytes, (IV) Platelets, (V) Eosinophils
(I)
(II)
(III)
(IV)
(V)
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Fig. 5.13 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment
of various concentrations of dichloroethane at 72h. Each histogram represents mean±S.E of
Rh-123 fluorescence obtained from 10,000 leukocytes
Fig. 5.14 Assessment of mitochondrial membrane potential (Ψm) in rat WBCs on treatment
of various concentrations of dichlorophene at 72h. Each histogram represents mean±S.E of
Rh-123 fluorescence obtained from 10,000 leukocytes
Both EDC (Fig. 5.5, 5.9 and 5.13) and DCP (Fig. 5.6, 5.10 and 5.14) showed
decrease in Ψm in all the WBC types at all the post treatment concentrations and
durations. However, maximum effect on Ψm was observed in neutrophils. Our results
suggest that the apoptotic induction is the result of decrease in Ψm in WBCs.
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5.4 Discussion
The induction of DNA damage by these organochlorine chemicals can not be
ascribed to a single mechanism but may be due to interplay of several different
mechanisms. The mechanisms other than discussed earlier, apoptosis induction for
enhanced cytotoxicity and operation of other unknown mechanisms in producing the
chemically induced DNA damage by test agents cannot be ruled out. The exact
mechanism of DNA damage induction by these chemicals are yet to be fully
understood.
Moreover, the action of apoptosis-induction and their underlying mechanisms
were accordingly studied using flow cytometry. Thus far, to our knowledge and as per
available literature no study has provided insight into the cytotoxic effects of both
these chemicals on WBC functions and their mechanisms of action in vivo; thus, the
potential mechanistic action of EDC and DCP should be elucidated for the health risk
assessment. The flow cytometric assays have been applied for evaluating cell
activities to screen the toxicity of xenobiotics (Chen et al. 2014; Tuschl and Schwab,
2005). Therefore, the present study was conducted to provide highly reliable results
using the flow cytometric approach. The more focussed objective of this part of the
study was to assess in vivo toxicity of EDC and DCP and to observe the relevance of
flow cytometric methods for toxicological assessment, so as to explore the potential
mechanisms of action of the EDC and DCP toxicity.
Although it has been admitted that a few general restrictions regarding flow
cytometric assays are; lysed or completely destroyed cells cannot be detected, as these
assays rely on the measurement of the membrane-damaged cells (Lee-MacAry et al.
2001; Godoy-Ramirez et al. 2000). However a major advantage, the assays provide, is
high sensitivity even at the single cell level. The relevance of cell cycle deregulation
in different neoplastic diseases has been demonstrated by various studies (Wachtel
and Schafer, 2010; Gasparri et al. 2007). Our assessment of cell cycle showed that
EDC and DCP inflicted significant apoptosis in rat WBCs. Apoptotic form of cell
death is characterized by DNA fragmentation. One of the known methods used for
confirming DNA fragmentation here is cell cycle analysis by flow cytometry. The
measure of apoptosis is the fraction of cells in sub-G1 phase, indicating that the DNA
of these cells has undergone fragmentation and DNA loss. Furthermore, the position
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of sub-G1 peak can provide us additional information about apoptosis and distinguish
it from necrosis. Necrosis can peak into sub-G1 area but close to G1 due to the
loosely packed DNA while apoptosis peak will be far off from G1 towards y-axis as
DNA underwent fragmentation and florescence falls drastically as has been observed
in our study particularly in 72h treatment. Physiologically apoptotic cells significantly
contribute in immunosuppression (Rieder et al. 2010); therefore, the action of induced
apoptosis by these chemicals might reduce the number of functional leukocytes with
concurrent reduction in lymphocyte number and as a result lower levels of immune
function as has been observed by Munson et al. (1982) in CD-1 mice, wherein EDC
elicit immunotoxic response with a significant dose related reduction in IgM response
to sheep erythrocytes and accompanying 30% decrease in total leukocyte number. The
various other molecular mechanisms of these chemicals need to be further
investigated.
The mitochondrial pathway, characterized by the increased mitochondrial
membrane permeability and the subsequent release of cell death mediators from the
mitochondria is one of the important apoptotic pathways for the cells of the immune
system (Estaquier et al. 2012; Exline and Crouser, 2008). In the present research, Ψm
decrease dtermined by Rh-123, displayed an increasing trend in EDC and DCP
exposed cells of the immune system at all the post treatment concentration and
durations; these results are in coherence with the hypothesis that Ψm decrease is a
cellular event in the mitochondrial driven apoptosis (Farhat et al. 2014; Faddan et al.
2010).
The significant decrease in Ψm may release the apoptogenic signals that
activate caspases, which mediate the activation of apoptotic signal transmission
(Kuranaga, 2011; Denault and Salvesen 2008). These findings confirm the induced
apoptosis and suggest that EDC and DCP can target the Ψm-related apoptotic
pathway. As our results significantly indicate that these chemicals enhanced the Ψm
decrease in rat WBCs, demonstrating that they act as uncouplers of oxidative
phosphorylation in mitochondria which diminish membrane potential. This gives the
idea that EDC and DCP are more toxic to oxidative phosphorylation in mitochondria
at higher concentrations clearly claiming the statement presented by Cetkauskaite et
al. (2006) with observations on a herbicide.
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Flow cytometric methods have been widely used for clinical research.
However, its applicability has been limited to a few immunotoxicological evaluations.
It has been demonstrated in the present work and in other studies (Nogueira et al.
2014; Fleisher and Oliveira, 2009) that flow cytometric methods are promising
alternative to standard genotoxicity testing approaches and in vivo screening assays.
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6.1 Introduction
Due to diverse properties and related effects, pesticides have become an area
of intense research. The unending demand for pesticide products and the
concentration prepared for agricultural efficiency are defined but the production
volume indicates that the potential for misapplication and accidental exposure is very
high. Besides being beneficial in vector control program and for increased crop yield
it has inevitably resulted in several health-related problems. More than 90% of the
pesticides used barely reach the actual target (Sparling et al. 2001) due to which many
other off shoot target organisms inhabiting the same environment as pests become
casualty and seriously humans are accidentally poisoned. The widespread insecticide
use in animal husbandry and in agriculture for longer duration lead to their
contamination in the food chain and in the environment (Manske and Jhonson, 1977).
With reference to organochlorines, these are even more immensely used in agriculture
to control pests and in livestock for the control of parasites (Raj et al. 2013; Nolan and
Roberson, 1979). The combination of organochlorines is nowadays extensively used
by the farmers in India in a large variety of agriculture use, the situation is expected to
be more serious when their production figure is also considered simultaneously.
EDC constitutes one of the highest-volume organic chemicals currently
produced in the world (Storer et al. 1984) with its varying uses ranging from an
intermediate in the production of different chemicals to a component of fumigants
(Sullivan and Krieger, 2001). It has been estimated by the National Institute for
Occupational Safety and Health that for three years from 1972 to 1974, almost two
million workers may have had occupational exposure to EDC and further estimated
that with an enormous number of more than 34,000 workers having 4 or more hours
of exposure per day speak for more serious nature (USPHS, 1978). From here
onwards it became a source of considerable concern when, in 1978, the results of the
first chronic bioassay of EDC were released by the National Cancer Institute
indicating that EDC was carcinogenic to Osborne-Mendel rats and C57BL/ 6 x C3H
FT, now called B6C3F mice, when administered by gavage (USPHS, NIH 1978).
These staggering figures further justify to review the chemical, for the effects on vital
tissues as well.
Early histopathological effects of EDC result in cytotoxic response and cause
kidney and liver damage (Gray, 1989); however, no such report is available in case of
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DCP, the other chemical in our study. This study, therefore, has been designed to
concurrently evaluate the acute histopathological effects of EDC and DCP, both being
widely used in India, at sub-lethal doses so as to contribute to the knowledge of the
effects of these test compounds on Wistar rats.
6.2 Methodology
The Bancroft and Stevens (1977) method was adopted for histopathological
effects. The animals were sacrificed at the termination of the desired times after the
treatment. Liver and kidneys were isolated and fixed in 10% neutral buffered formalin
for 24 hours. After fixation, the tissues were dehydrated through ascending grades of
ethanol, cleared in xylene and finally embedded in paraffin wax. The use of rotary
microtome was sought to obtain 5μm sections of the specimens on clean glass slides,
stained for histopathological examination with Haematoxylin and Eosin (H and E)
and observed under the light microscope. The details of this protocol are briefed in
box – 2.4. Representative locations were photographed.
6.3 Results
The histopathological results for EDC and DCP, briefed in figures 6.1 and 6.2
respectively, depict many types of abnormalities. Hepatic lobes formed of cords of
hepatocytes and blood sinusoids in between were seen. Administration of
intraperitoneal doses of EDC and DCP caused venous congestion in the liver and
severe hepatocellular damage. Important injury signs included focal necrosis and the
presence of very few vacuolated cells (Fig. 6.1 b–c and 6.2 b–c). Many pathological
lesions in the liver tissue were observed on exposure of the chemicals.
The kidney of control rat showed normal structure of the renal corpuscle
(glomerulus and urinary space) and renal tubules (proximal convoluted tubules and
distal convoluted tubules) (Fig. 6.1 d and 6.2 d). The kidney of rats exposed to
intraperitoneal doses of EDC and DCP showed many histopathological alterations.
The renal tubules suffered high damage to the extent that they almost lost their
characteristic appearance and their epithelial cell lining became inconspicuous with
their contents intermixed with each other (Fig. 6.1 e–f and 6.2 e–f). The walls of
Bowman̕s capsule were eroded and the glomeruli atrophied. It was observed that
treating rats with EDC and DCP induced many histopathological alterations in the
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kidney like damage to the epithelial lining, degenerated tubules and the eroded
capsule wall.
Fig. 6.1 Rat liver (a-c) and kidney (d-f) architecture. a- control liver showing normal
organization of hepatocytes (black arrows) and sinusoids (green arrows). b-c showing
progressive sinusoidal congestion, appearance of pale halo around the hepatocytes
(green arrow) and hepatic chord disorganization upon exposure to low (b) and high
(c) doses of EDC. d- kidney of a control rat showing renal tubules (black arrow) and
glomerulus (yellow arrow). Note the progressive congestion and degeneration of renal
corpuscles, renal tubules and interstitial bleeding in sections of low (e) and high (f)
dose EDC treated rats. H & E staining.  x400.
Liver Kidney
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Fig. 6.2 Rat liver (a-c) and kidney (d-f) architecture. Control rat liver showing the
central vein (CV) surrounded by hepatocytes (arrowheads) and interspersed hepatic
sinusoids (arrows) (a). Note the congestion of vein in the portal area and a progressive
sinusoidal congestion in low (b) and high (c) dose DCP treated rats. Also can be seen
appearance of vacoulation in high dose treated rats (long arrow) (c). Kidney of control
rat showing normal renal tubules (R) and glomerulus (G) (d). Sections of kidney of
DCP treated rat showing degenerated tubules and atrophied glomerulus (DG) ( e and
f); H & E staining. x400.
Liver Kidney
Histopathological studies Chapter 6
88
6.4 Discussion
The liver is vital as being the centre for detoxifying any foreign compound
entering the body. So, it is uniquely exposed to a wide variety of exogenous and
endogenous products including environmental toxins and chemicals present in food or
drinking water (Wight, 1982). Many histopathological manifestations have been
observed in the present investigation. The EDC and DCP accomplished several
histopathological changes in the liver and kidney of the albino rats.
The hepatic lobules are the structural units of the liver, each formed of cords
of hepatocytes and blood sinusoids in between. The administration of intraperitoneal
doses of EDC and DCP suggested venous congestion in the liver and the severe
hepatocellular damage exhibiting necrotic signs. These results were in coherence with
the observations of Przeździak and Bakula (1975). The present study further noted
that intraperitoneal treatment of rats with test agents can induce pathological lesions
in the liver tissue. The present observations corroborated well with earlier study of
Schönborn et al. (1970) that liver is a documented target of 1,2-dichloroethane
toxicity in several acute- and intermediate-duration inhalation studies, as well as in
other studies of orally exposed animals. Other studies aimed at effects of 1,2-
dichloroethane in animal models did not find hepatic effects (Daniel et al. 1994;
Munson et al. 1982). Nevertheless, it is clear that liver tissues markedly respond to the
adverse effect of the chemicals as it displayed marked histopathological changes in
the present study as well as in an earlier study with EDC by Nouchi et al. (1984). The
hepatic tissues exhibited congested portal vessels and many necrotic signs on
treatment of EDC and DCP. Our results of histopathological effects of EDC
documented cytotoxic response and caused kidney and liver damage quite similar to
that of the necroscopic results in rats (Gray, 1989; Rao et al. 1980). A study by Hurket
(1978) in rats treated with dursban or tamaron (Hanafy et al. 1991) and by Gupta et al.
(1981) in buffalo calves with malathion, gave more or less similar results. Thus
histopathological effects are not unique and show great sensitivity to a wide group of
compounds.
As for the kidney, it is the target of many xenobiotic toxicants. There are many
factors that contribute to the sensitivity of the kidney viz., presence of variety of
metabolizing enzymes and xenobiotic transporters, large blood flow and concentration
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of solutes during urine production. Further physiological, anatomical and biochemical
features of this sensitive organ make it particularly prone to many toxicants. The
histopathological results of kidney treated with EDC and DCP revealed many
alterations. The renal tubules suffered high damage and nearly lost the characteristic
appearance and the lining of epithelial cells thus became undistinguished so that their
contents were intermixed. The walls of the Bowman’s capsule were eroded and the
glomeruli were atrophied. Schönborn et al. (1970) almost obtained similar results
while determining the effects of EDC in humans. It has been observed that treating
animals with DCP induce many of these histopathological alterations in the kidney as
observed by Abdeen et al. (1994) when treating mice with fenvalerate. There were no
changes in kidney in different mammalian models which were quite opposite to our
observation and were presented by Daniel et al. (1994) and Munson et al. (1982). The
most likely explanations suggested for the apparently discrepant results are; that the
strains of test animals used in the different studies differed in responsiveness to EDC
and that of the route of administration may have been an important factor.
Specific mechanisms for 1,2-dichloroethane-induced toxicity have not been
elucidated. Studies in rats and mice indicate that 1,2-dichloroethane may be
metabolized to 2-chloroacetaldehyde, S-(2-chloroethyl) glutathione, and other
putative reactive intermediates capable of binding covalently to cellular
macromolecules in the liver, kidney and other tissues (Jean and Reed, 1992; Lock,
1989; Fabricant and Chalmers, 1980). 1,2-Dichloroethane promoted lipid
peroxidation in rat liver cells (Sano and Tappel, 1990) and arterial endothelial and
aortic smooth muscle cells (Tse et al. 1990) in vitro, suggesting another possible
mechanism by which this chemical might produce toxic effects.
Available evidence suggests that toxicity of 1,2-dichloroethane in various
tissues is largely mediated by reactive intermediates formed by conjugation with
glutathione (Lock, 1989). High levels of glutathione S-transferases, the family of
enzymes that catalyze the conjugation of xenobiotics with glutathione, are present in
liver and kidney (>95%) (Parkinson, 1996). Putative glutathione-dependent
metabolites, such as S-(2-chloroethyl) glutathione and S-(2-chloroethyl)-L-cysteine,
are thought to spontaneously rearrange to form electrophilic episulfonium ions that
can bind to cellular macromolecules (Peterson et al. 1988). Rapid depletion of
hepatocellular glutathione and binding of S-(2-chloroethyl) glutathione and S-(2-
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chloroethyl)-L-cysteine to liver DNA and protein have been demonstrated in vitro
(Jean and Reed, 1989). Similarly, the renal cortex contains substantial amounts and
high activity of glutathione S-transferases that perform the initial conjugation reaction
(Lock, 1989), and the conjugates S-(2-chloroethyl) glutathione and S-(2-chloroethyl)-
L-cysteine have been identified as nephrotoxic in rats. Cytochrome P-450, which
catalyzes competing metabolic reactions, has relatively low activity in the kidney,
thus shifting the metabolism of EDC in the kidney toward production of toxic
metabolites.
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7.1 Introduction
The natural products have been shown to be the excellent and reliable source
for the development of new drugs (Lahlou, 2013). The epidemiologic studies have
shown that there is an association between the intake of foods that possess phenolic
compounds and the protection from different diseases (Morton et al. 2000). These
phenolic compounds have tremendous antioxidants and are the most promising
anticarcinogenic agents in plants (Habibi et al. 2015; Li et al. 2012).
A considerable amount of epidemiological evidence and laboratory
investigations have shown the protective effect of diets rich in fruits and vegetables
against cancer by inhibiting genotoxins or carcinogens through the biologically active
secondary metabolites of plants (Khambete and Kumar, 2014; Ames, 2001; Ferguson,
1994). Therefore, assessment of their potential and understanding of their probable
mechanisms of action could be vital for better management of chemopreventive
strategies. Crocus sativus L., commonly known as saffron, is a perennial stemless
herb. It is widely cultivated in different parts of the world especially in Greece, India,
Iran, Italy and Spain. The state of Jammu and Kashmir is the place where saffron is
mainly cultivated in India. In fact Kashmir is regarded as one of the three (Iran, Spain
and India) largest cultivating places of saffron all over the world.
The distinguished features of the flowers are lilac to mauve colour and the tri
stigmatic flower has 4.5 - 7 cm long stigmas, drooping over the petals. The stigmas
are collected as saffron and the variety cultivated in Kashmir has extremely long
stigma with a thicker head. It has deep red colour, known for its best aroma, flavour
and colouring power. The petals are eaten as a vegetable or canned to make
‘Khambeer’ which is used as local medicine against cough and cold. The floral stalks
are given to animals and of course, the red stigmas alone are the purest Kashmiri
Saffron-the golden herb. However, saffron is used as an indigenous medicine across
India. This prized species has also found its application against fevers, melancholia
and enlargement of the liver and spleen. A combination of saffron and ghee is used to
treat diabetes. It also merits its usage as heart strengthening agent and as brain cooling
agent besides being used to increase memory power.
It is a promising herb of pharmaceutical industry due to its various medicinal
properties ranging from mild fever to cancer and DNA repair. The frequent use of
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herbal medicines as a primary health care resource by the people in developing
countries is mainly because of expensive western pharmaceuticals and health care.
Also on cultural and spiritual point of views, herbal medicines are more acceptable
(Taylor et al. 2003). In view of that the main proportion of large number of drugs is
originated from constituents of herbal medicines, need a systemic study.
The major biologically active constituents of saffron are more than 150
volatile and aromatic-yielding compounds including safranal (insecticide and
pesticide), carotenoids and riboflavins (Sastry et al. 1955), crocins (which are
glycoside derivatives of trans-crocetin), picrocrocin, and safranal (Tarantilis et al.
1995). Saffron is used in folk medicine (Abdullaev and Espinosa-Aguirre, 2004; Rios
et al. 1996). Further, modern pharmacological studies have shown that saffron extract
or its active ingredients have learning- and memory improving properties,
anticonvulsant, antidepressant, anti-inflammatory, antiischemic and antitumor effects
(Hosseinzadeh et al. 2008; Pitsikas et al. 2007; Zheng et al. 2007; Hosseinzadeh and
Talebzadeh, 2005; Abdullaev and Espinosa-Aguirre, 2004; Akhondzadeh et al. 2004;
Hosseinzadeh and Younesi, 2002).The radical scavenging, antioxidant activity, and
promotion of the oxygen diffusivity in different tissues are of special interest. These
effects noted in saffron extract or its bioactive constituents (Kanakis et al. 2007;
Assimopoulou et al. 2005). The prized extract also has chemopreventive and
genoprotective effects and has been reported to protect from genotoxin- induced
oxidative stress in mice (Premkumar et al. 2003; Abdullaev, 2002). Recently, it has
been found that safranal, a constituent of saffron discussed earlier, could exert
protective effect against methyl methane sulfonate (MMS)–induced DNA damage in
mice organs (Hosseinzadeh and Sadeghnia, 2007). More recently interest has been
extended to the biological activity of various plant extracts.
The active compound (s) of this extract and the mechanism (s) of its effects
are not exactly known. The petals of C. sativus are rich in flavonoids and
anthocyanines. The protective avtivity of carotenoid against cancer has gained support
from a large number of experimental studies (Bendich and Olson, 1989; Moon, 1989).
However, attention given to the antimutagenic effects of its petal contents is little. In
screening for finding new plant materials with biological activity, a clear choice to
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study any possible action of the chosen concentration of aqueous extract from petals
of C. sativus on rat bone marrow cells and blood cells.
So, in this study we designed therefore, to examine the influence of aqueous
saffron petal extract (SPE); an important constituent of saffron, on organochlorine-
induced chromosomal damage (BMCs), DNA damage (blood cells) using MNT, CA
and SCGE assessments.
7.2 Methodology
7.2.1 Plant Material
The aerial parts (petals) of Crocus sativus were collected from Pampore
Kashmir in October 2013. Moreover the plant was confirmed by comparison of the
collected sample with the Herbarium specimen of Kashmir University.
7.2.2 Extraction
Air-dried and coarsely powdered plant material (petals, 1.2 Kg) was extracted
with water (3x48 hours). The aqueous extract thus obtained was concentrated under
reduced pressure to give crude extract. The traces of water were removed in a freeze
dryer to yield the dry extract (80.0 g).
Administration of saffron petal extract (70 mg/kg b. wt.) was done one hour
before the treatment of test agents. After completion of the specified treatment period,
five animals from each group were sacrificed by cervical dislocation. Colchicine
treatment was given to animals at the specific dose of 4mg/kg b.wt. through i.p. route,
2h prior to sacrifice of animals to arrest the metaphase in chromosomal aberration
assay. This study was conducted as per the protocol of Preston et al. (1987), the MNT
conducted in accordance to Schmid (1975), and the comet assay by Singh et al.
(1988). The detailed description is in chapter 2, section 2.5.1, 2.5.2 and 2.6.
7.3 Results
7.3.1 Modulatory effects of saffron petal extract in micronucleus test
The MN frequency recorded alone and along with the pre-treatment of
saffron petal extract before the treatment of EDC and DCP are summarized in tables
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7.1 and 7.2 respectively. Increase in MN frequency by test chemicals and the
comparative account showing decrease in the frequency of MN on prior treatment of
saffron petal extract is depicted in figures 7.1 and 7.2 respectively for EDC and DCP.
Both EDC and DCP induced MN significantly (p ≤ 0.05) in all the treatments
when used alone while, a clear negative effect on MN induction by the pre-treatment
of saffron petal extract was observed. The frequency of MN induced by EDC was
recorded as 4.11±1.10, 5.13±1.07 and 5.81±1.05 after 24h respectively at three
different concentrations (EDC I, EDC II and EDC III); whereas, the MN frequency
induced by DCP, was observed as 4.07±0.19, 4.93±1.07 and 5.91±0.75 for 24h
respectively at chosen DCP concentrations (DCP I, DCP II and DCP III). The MN
frequencies observed after a prior treatment of saffron petal extract were 2.16±0.51,
2.86±0.24, 3.29±0.59, and 2.20±0.32, 2.85±0.23, 3.52±0.56 respectively for EDC and
DCP indicating that pre-treatment of saffron petal extract significantly (p ≤ 0.05)
reduced the frequency of MN at the chosen duration compared to the MN induced by
EDC and DCP alone. The reduction profiles in the MN incidence at the chosen
concentration of saffron petal extract with EDC were observed as 47.42%, 44.24%
and 43.34% respectively at three different concentrations. In the DCP treated groups,
the reduction profiles after the pre-treatment of saffron petal extract were 45.93%,
41.98% and 40.42% respectively at the three concentrations used. It must be noted
here that on pre-treatment of saffron petal extract before the treatment of the test
chemicals, significant increase in P/N ratio was observed compared to the rats treated
with test agents alone (table 7.1 and 7.2).
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Table 7.1 Modulatory effect of aqueous saffron petal extract on the frequency of
micronuclei induction in polychromatic erythrocytes by different
concentrations of dichloroethane in rat bone marrow cells at 24h of the
treatment
Normal control (water); (SPE) saffron petal extract; positive control (PC; cyclophosphamide);
EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDCIII (242.1 mg/kg b.wt.); PCEs
(polychromatic erythrocytes); MN (micronucleus); *statistically significant values at *p<0.05,
**p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
Group
Mean Frequency
of MN per 1000
PCE±SE
(%)
Reduction P/N ratio
Normal control
(NC)
0.33 ±0.06 -- 0.88±0.03
SPE 0.27±0.03 -- 0.97±0.06
PC 8.20±0.68*** -- 0.50±0.02**
PC+SPE 5.44±0.63*** 33.65 0.81±0.03
EDC I 4.11±1.10 0.69±0.02
EDC I+SPE 2.16±0.51* 47.42 0.76±0.04*
EDC II 5.13±1.07 0.68±0.02
EDC II+SPE 2.86±0.24*** 44.24 0.73±0.02*
EDC III 5.81±1.05 0.60±0.01
EDC III+SPE 3.29±0.59*** 43.34 0.71±0.02*
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Table 7.2 Modulatory effect of aqueous saffron petal extract on the frequency of
micronuclei induction in polychromatic erythrocytes by different concentrations
of dichlorophene in rat bone marrow cells at 24h of the treatment
Normal control (water); SPE (saffron petal extract); positive control (PC; cyclophosphamide);
DCP I (66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); PCEs
(polychromatic erythrocytes); MN (micronucleus); *statistically significant values at *p<0.05,
**p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
Group
Mean Frequency of
MN per 1000
PCE±SE
(%)
Reduction P/N ratio
Normal control
(NC)
0.37 ±0.17 -- 0.90±0.04
SPE 0.41±0.13 -- 0.92±0.02
PC 8.17±0.89*** -- 0.51±0.01**
PC+SPE 5.23±0.54*** 35.98 0.80±0.01*
DCP I 4.07±0.19 0.69±0.01
DCP I+SPE 2.20±0.32*** 45.93 0.77±0.02*
DCP II 4.93±1.07 0.68±0.03
DCP II+SPE 2.86±0.24*** 41.98 0.73±0.01*
DCP III 5.91±0.75 0.62±0.01
DCP III+SPE 3.52±0.56*** 40.42 0.71±0.01*
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Fig. 7.1 Multiple concentration profiles of MN induced by dichloroethane at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); EDC I
(80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.).
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA,
post hoc Tukey)
Fig. 7.2 Multiple concentration profiles of MN induced by dichlorophene at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); DCP I (66.9
mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.). *statistically
significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc
Tukey)
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7.3.2 Modulatory effects of saffron petal extract in chromosome aberration assay
The typical diploid metaphase complements of Rattus norvegicus were found
to consist of 42 chromosomes with characteristic appearances well distinguished.
Tables 7.3 and 7.4 show the frequency of CAs observed alone by the test compounds
and the modulatory effect of the pre-treatment of saffron petal extract prior to the
treatment of EDC and DCP respectively. The figures 7.3 and 7.4 display the increase
in CA frequency induced by EDC and DCP and a comparative account of the
reduction of CAs when a pre-treatment of saffron petal extract was given.
In accordance with the results obtained in MN test, both EDC and DCP were
able to produce CAs in a significant (p ≤ 0.05) manner when used alone. The various
forms of chromosomal damage obtained were breaks, acentric fragments, rings,
polyploidy, aneuploidy, stickiness, pulverization, c-metaphases and gaps. The
frequency of maximum CAs induced by EDC reached to 5.71±1.10, 6.73±1.19,
7.01±1.01 after 24h respectively at three different concentrations (EDC I, EDC II and
EDC III) and 4.77±0.29, 5.93±0.65, 6.61±0.53 for DCP at (DCP I, DCP II and DCP
III) respectively. However, the frequency of induced CAs by EDC and DCP after a
pre-treatment of saffron petal extract were obtained as 3.17±0.91, 3.76±0.72,
4.04±0.79 after 24h at the indicated concentration and 2.67±0.41, 3.45±0.29,
3.89±0.26 for DCP respectively.
The chosen concentration of saffron petal extract reduced the CA frequency
significantly (p ≤ 0.05) when injected prior to the treatment of EDC and DCP. The
reduction profiles by the chosen concentration of saffron petal extract with EDC were
observed as 44.48%, 44.13% and 42.31% at 24h for (EDC I, EDC II and EDC III)
respectively. In DCP treated groups the reduction profiles were 43.99%, 41.71% and
41.02% at 24h respectively for (DCP I, DCP II and DCP III).
Moreover, in saffron petal extract treated groups prior to the treatment of test
chemicals, an increase in MI was noticed compared to the groups with the treatment
of test chemicals alone (table 7.3 and 7.4).
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Table 7.3 Modulatory effect of aqueous saffron petal extract on the frequency of
chromosomal aberrations induced by different concentrations of dichloroethane
in rat bone marrow cells at 24h of the treatment
Normal control (water); SPE (saffron petal extract); positive control (PC; cyclophosphamide);
EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDCIII (242.1 mg/kg b.wt.); *statistically
significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
Group
Mean Frequency of
aberrations±SE
(%)
Reduction
Mean percent
MI±S.E
Normal control
(NC)
0.66 ±0.02 -- 2.98±0.19
SPE 0.71±0.01 -- 2.94±0.23
PC 8.42±1.88*** -- 1.43±0.21***
PC+SPE 5.04±0.67** 40.04 2.54±0.15**
EDC I 5.71±1.01 2.31±0.12
EDC I+SPE 3.17±0.91* 44.48 2.67±0.11*
EDC II 6.73±1.19 2.19±0.04
EDC II+SPE 3.76±0.72* 44.13 2.51±0.20*
EDC III 7.01±1.15 2.02±0.09
EDC III+SPE 4.04±0.79* 42.31 2.60±0.16*
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Table 7.4 Modulatory effect of aqueous saffron petal extract on the frequency of
chromosomal aberrations induced by different concentrations of dichlorophene
in rat bone marrow cells at 24h of the treatment
Normal control (water); SPE (saffron petal extract); positive control (PC; cyclophosphamide);
DCP I (66.9mg/kg b.wt.); DCP II (133.8mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.); *statistically
significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc Tukey)
Group
Mean Frequency of
aberrations ±SE
(%)
Reduction
Mean percent
MI±S.E
Normal control
(NC)
0.93 ±0.16 -- 2.95±0.23
SPE 0.89±0.03 -- 2.91±0.14
PC 8.24±0.99*** -- 1.41±0.11***
PC+SPE 4.99±0.42*** 39.46 2.52±0.23*
DCP I 4.77±0.29 2.44±0.40
DCP I+SPE 2.67±0.41*** 43.99 2.76±0.29*
DCP II 5.93±0.65 2.33±0.22
DCP II+SPE 3.45±0.29*** 41.71 2.71±0.12*
DCP III 6.61±0.53 2.08±0.07
DCP III+SPE 3.89±0.26*** 41.02 2.63±0.17*
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Fig. 7.3 Multiple concentration profiles of CAs induced by dichloroethane at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); EDC I
(80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.).
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way
ANOVA, post hoc Tukey)
Fig. 7.4 Multiple concentration profiles of CAs induced by dichlorophene at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); DCP I
(66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.).
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way
ANOVA, post hoc Tukey)
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7.3.3 Modulatory effects of saffron petal extract in comet assay
The results of the comet assay are summarized in tables 7.5 and 7.6
respectively for EDC and DCP. The data obtained explains that on the pre-treatment
of saffron petal extract before the treatment of EDC and DCP, a significant change in
reducing mean tail DNA, tail length and Olive tail moment (OTM) of the comet in
peripheral blood cells of the rats from all the doses was observed; compared to when
the treatment of EDC and DCP were injected alone. The mean OTM values with EDC
respectively for three different concentrations at 24h were 7.24±1.76, 15.33±2.31,
8.40±0.28 and for DCP 8.42±0.24, 5.86±0.17, 6.89±1.26. The respective values when
pre-treatment of saffron petal extract was given were 0.75±0.06, 0.77±0.30, 0.72±0.13
and 2.07±0.84, 1.47±0.86, 1.21±0.34. On the contrary the positive control treated with
cyclophosphamide showed highly significant increase in OTM and a significant
decrease in the OTM when a pre-treatment of saffron petal extract was injected. This
suppression of DNA damage was more in EDC treated groups compared to DCP
when the pre-treatment of saffron petal extract was administered (Fig. 7.5 and 7.6).
Overall, the results revealed that EDC was observed to be more potent
genotoxic agent than DCP at the concentrations used in this study in terms of MN, CA
and DNA damage induction when used alone. Saffron petal extract effectively
reduced the frequency of MN, CA and DNA damage when used before the treatment
of EDC and DCP.
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Table 7.5 Modulatory effect of aqueous saffron petal extract on the DNA damage detected by comet assay in rat blood cells
induced by various concentrations of dichloroethane at 24h of the treatment
Group
Mean Head
DNA±SEM
Mean Tail
DNA±SEM
Mean Tail
length±SEM
Mean
OTM±SEM
Mean Tail
coefficient±SEM
Normal control
(NC)
97.28 ±0.56 2.72±0.56 0.78±0.78 0.23±0.06 2.44±1.08
SPE 98.09±0.35 1.91±0.35 2.18±1.53 0.23±0.05 2.38±1.99
PC 64.29 ± 0.83*** 35.71 ± 0.83*** 39.43 ± 1.79*** 8.57 ± 0.49*** 10.46 ± 1.31
PC+SPE 83.66 ± 1.18*** 16.34 ± 1.18*** 3.39 ± 0.92*** 0.91 ± 0.17*** 2.71 ± 0.64
EDC I 70.66±7.10 29.34±7.10 36.45±2.40 7.24±1.76 5.74±1.08
EDC I+SPE 91.83±0.81*** 8.17±0.81*** 6.07±1.18*** 0.75±0.06*** 2.49±0.92
EDC II 65.38±4.77 34.62±4.77 51.09±5.81 15.33±2.31 14.04±0.60
EDC II+SPE 89.86±4.24*** 10.14±4.24*** 4.98±2.62*** 0.77±0.30*** 5.42±1.09
EDC III 56.81±2.65 43.19±2.65 36.60±1.33 8.40±0.28 13.02±7.71
EDC III+SPE 87.96±2.96*** 12.04±2.96*** 3.74±0.47*** 0.72±0.13*** 1.82±0.18
Normal control (water); SPE (saffron petal extract); positive control (PC; cyclophosphamide); EDC I (80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.);
EDCIII (242.1 mg/kg b.wt.); Olive tail moment (OTM); *statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc
Tukey)
.
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Table 7.6 Modulatory effect of aqueous saffron petal extract on the DNA damage detected by comet assay in rat blood cells
induced by various concentrations of dichlorophene at 24h of the treatment
Group
Mean Head
DNA±SEM
Mean Tail
DNA±SEM
Mean Tail
length±SEM
Mean
OTM±SEM
Mean Tail
coefficient±SEM
Normal control
(NC)
97.37 ± 0.69 2.63 ± 0.69 1.40 ± 0.97 0.20 ± 0.07 4.26 ± 1.48
SPE 97.73 ± 0.80 2.27 ± 0.80 2.33 ± 1.89 0.17 ± 0.09 0.93 ± 0.28
PC 60.27 ± 0.18*** 39.73 ± 0.18*** 40.34 ± 1.76*** 6.75 ± 0.51*** 10.56 ± 3.33
PC+SPE 81.95 ± 1.88*** 18.05 ± 1.88*** 3.58 ± 1.02*** 0.79 ± 0.10*** 1.79 ± 0.51
DCP I 74.18 ± 0.97 25.82 ± 0.97 39.25 ± 6.08 8.42±0.24 12.40±3.84
DCP I+SPE 91.09±0.35*** 8.91±0.35*** 6.70±3.42*** 2.07±0.84*** 2.91±1.09
DCP II 70.11±0.63 29.89±0.63 36.76±0.68 5.86±0.17 8.82±1.45
DCP II+SPE 89.55±1.70*** 10.45±1.70*** 4.67±2.40*** 1.47±0.86*** 1.79±0.59
DCP III 65.62±1.61 34.38±1.61 26.17±6.38 6.89±1.26 7.96±1.83
DCP III+SPE 85.63±1.89*** 14.37±1.89*** 4.05±2.10*** 1.21±0.34*** 7.24±1.08
Normal control (water); SPE (saffron petal extract); positive control (PC; cyclophosphamide); DCPI (66.9 mg/kg b.wt.); DCPII (133.8 mg/kg b.wt.);
DCPIII (200.7 mg/kg b.wt.); Olive tail moment (OTM); *statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way ANOVA, post hoc
Tukey)
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Fig. 7.5 Multiple concentration profiles of OTM induced by dichloroethane at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); EDC I
(80.7 mg/kg b.wt.); EDC II (161.4 mg/kg b.wt.); EDC III (242.1 mg/kg b.wt.).
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way
ANOVA, post hoc Tukey)
Fig. 7.6 Multiple concentration profiles of OTM induced by dichlorophene at 24h in
Rattus norvegicus and counter reduction profiles on pretreatment of saffron petal
extract along with their standard percent error depicted by error bars. Normal control
(water); (SPE) saffron petal extract; positive control (cyclophosphamide); DCP I
(66.9 mg/kg b.wt.); DCP II (133.8 mg/kg b.wt.); DCP III (200.7 mg/kg b.wt.).
*statistically significant values at *p<0.05, **p<0.01, ***p<0.001 (One way
ANOVA, post hoc Tukey)
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7.4 Discussion
The damage to the cells induced by chemical agents may be modulated by
natural extract supplementation, although these effects are not well understood and
have been the subject of several research studies in recent years. One such study on
the natural extract investigated in our laboratory that showed beneficial protective
effects is neem (Farah et al. 2006) but Crocus sativus attracted special attention due to
its ability as anticonvulsant, antidepressant, antiischemic and antitumor effects (Zheng
et al. 2007; Hosseinzadeh and Talebzadeh, 2005; Abdullaev and Espinosa-Aguirre,
2004; Akhondzadeh et al. 2004). In the present study, we observed the
clastogenicity/anticlastogenicity of the particular dose and treatment schedule of C.
sativus on BMCs and peripheral blood in Rattus norvegicus. The justification to use
multiple cytogenetic endpoints for genetic toxicology is that it is according to the
current guidelines and many other papers in the literature have analyzed the frequency
of micronucleated polychromatic erythrocytes, CAs and DNA damage by comet assay
in a combination in rodents (Vasquez, 2010; Lee and Steinert, 2003).
Both dichloroethane (EDC) and dichlorophene (DCP) being widely used as
solvent, degreasing agents and in a variety of commercial products are clastogenic in
in vivo assay systems. These chemicals increase the frequency of CAs and MN in rats
treated with different doses (Lone et al. 2016, 2013). Relatively lower dose level of
saffron was chosen for the present study based on test trials, where low dose levels
showed somewhat higher mitotic indices. In view of the fact that anticlastogenic
agents are more efficient when their pretreatments are applied (Knezevic et al. 2015);
protocols were established for the assays on C. sativus petal extract. The
intraperitoneal route of administration of the extract was chosen based on the reports
in the literature and also because it is common in human use whether as medicinal
herb or as food (Mellert et al. 2002).
The previous investigations in our laboratory using rat BMCs as
experimental model showed that the total number of CAs as well as abnormal
metaphases were highest at 24h after the chemical treatments, compared with normal
control (Lone et al. 2013). Since we observed a higher frequency of abnormal cells at
24h when compared with other durations, so the assays for modulation studies were
restricted to 24h duration post EDC and DCP injections. The basal CA frequency in
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normal control and SPE treated groups were in line with those described in literature
and it has been reported that saffron extract is non toxic, non mutagenic (Abdullaev et
al. 2003; Salomi et al. 1991).
The acute treatments with the chosen SPE dose reduced the chromosomal
damage caused by EDC and DCP by more than 40%. The anticlastogenic effect of
SPE on rat BMCs as observed in the present case can be explained by various
mechanisms. One of them is that, the reduction of EDC and DCP induced
clastogenesis by pre-treatment with saffron could be justified by alterations in the cell
cycle or selective cell killing caused by the carotenoids present in the extract. In this
case, the peak time for detection of CAs could be altered and the frequency of damage
would depend on the number of available metaphases for analysis. The other possible
explanation, given the results obtained in this study, could be that SPE acting as an
antioxidant, prevented the damages that otherwise would have been induced by
reactive oxygen species released by the test chemicals. These special antioxidant
properties of SPE, like many other carotenoids and flavenoids are most likely due to
scavenging peroxyl radicals and chemical as well as physical quenching of the singlet
oxygen by it (Rahman, 2007). The pre-treatment of the chosen concentration of SPE
before each dose of chemical agents seemed most effective in protecting BMCs
against EDC and DCP induced clastogenicity. The results in this study corroborate the
earlier reports by Agamey et al. (2004) who evaluated the efficacy of different
concentrations of carotenoids as antioxidants and prooxidants. Apparently low levels
of SPE prevented DNA damage as observed by the comet assay.
Premkumar et al. (2006, 2003 and 2001) also showed that aqueous extract of
saffron protects from genotoxicity in mice as observed in the present investigation
although in rats. It significantly inhibited the genotoxicity of antitumor drugs like
cyclophosphamide, mitomycin C and cisplatin in vivo as revealed by micronucleus
and comet assay.
It has been already suggested that saffron could influence its antigenotoxic
and chemopreventive effects by the modulation of antioxidants or detoxification
systems (Premkumar et al. 2006, 2001). The inhibitory effect of safranal on MMS-
induced genotoxicity has also been shown in various mice organs (Hosseinzadeh and
Sadeghnia, 2007). The studies indicate that the modulatory effects of saffron and its
compounds observed may be related to its antioxidant and radical scavenger
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properties. Similarly saffron has been observed to decrease the MMS-induced
genotoxicity by enhancing the systems involved in detoxification and
mutagen/carcinogen inactivation (Hosseinzadeh et al. 2008). It is expected since
antioxidants reduce chemically induced carcinogenesis as observed by Khan et al.
(2008) and inhibit DNA lesions typical to alkylating agents and other chemicals
(Arranz et al. 2007; Kaya, 2003) and the inhibition of DNA lesions has also been
observed in our study.
Our results regarding comet assay observed that SPE reduced DNA damage
(strand breaks) as revealed by decreased comet tail length, tail moment and DNA
percentage in the tail induced by the test chemicals corroborating the earlier findings
of Premkumar et al. (2015, 2003). Hosseinzadeh et al. (2008, 2007) reported the effect
of aqueous extract of C. sativus stigmas on MMS-induced DNA damage through
intraperitoneal route in different mice organs using comet assay and obtained similar
results as our assessment of SPE on EDC and DCP induced DNA damage. The MMS-
induced DNA damage (increase in the % tail DNA) was decreased in some tissues
including kidney, lung and spleen in pre-treated aqueous C. sativus stigma extract
although in mice (Hosseinzadeh et al. 2008; Hosseinzadeh and Sadeghnia, 2007).
In conclusion, the results in this study showed that SPE is not clastogenic and
further indicates that the chosen concentration of this extract reduce the EDC and
DCP induced chromosome damage and MN in the BMCs, concomitantly reducing
DNA damage in peripheral blood cells. More investigations with SPE need to be
performed in rat models before suggesting its use in future trial studies in humans.
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Conclusions
Three sub–lethal concentrations for each chemical were set up according to the
LD–50 of the chemical. The damage was noted at the three different intervals of time
(24, 48 and 72h) in order to find the maximum impact of the chemicals on cell cycle
and the functioning of its own repair system against the chemicals; also requirement
of the current guidelines. The results lead to the following inferences:
 Based on our results, it is proposed that EDC and DCP produce clastogenicity
in rat bone marrow cells (BMCs) in dose as well as time dependent manner in
the present experimental conditions evident in MNT, CA and MI assays,
which elucidates a plausible mechanism of induction of cytogenetic damage.
 The alterations include breaks, gaps, stickiness, pulverization, acentric
fragments, dicentrics and polyploidy; which were not unique for any treatment
qualitatively; however, an increase in total aberrations was observed. The
maximum impact of the chemicals on rat bone marrow was observed at 24h of
the treatment.
 The MN assay supported the observed dose and time dependence of
chromosomal aberrations for both the chemicals. However, the inhibition of
cell division in a dose dependent manner observed, indicate that the test agents
also have mild cytotoxic effect.
 The chemicals investigated in the present study are mild mutagens and taking
into account the susceptibility of Rattus norvegicus, the possible exposure of
other mammals including humans to these chemicals should be discontinued
or minimised.
 The comet assay gave insight of DNA damage in a single cell and the results
of DNA damage induced by EDC and DCP showed that the treatment of rats
caused an increase in the Olive tail moment (OTM), clearly indicating an
increase in the DNA damage as a function of median OTM of the comet at all
the post-treatment concentration and durations. In conclusion while evaluating
genotoxic effects of these chemicals in rat blood cells, the comet assay
revealed that EDC and DCP were found to cause DNA damage at all the post-
treatment concentrations and durations.
 The DNA fragmentation observed in hepatic tissue resolved on agarose gel
electrophoresis indicate an increase in hepatic DNA damage evident by both
the chemicals on the prolongation of time.
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 The histopathological studies on exposed Rattus norvegicus to the chemicals
caused liver as well as kidney tissue damage as revealed by venous congestion
and several other signs depicting important histopathological alterations for
chemical toxicity to mammals and may be linked to the adverse effects on
human tissues also.
 The observations of cell cycle through flow cytometry showed that both the
chemicals inflicted significant apoptosis in rat WBCs. Further, it has been
observed that both EDC and DCP showed decrease in mitochondrial
membrane potential (Ψm) in all the WBC types at all the post treatment
concentrations and durations. Our results suggest that the apoptotic induction
in rat WBCs is the result of decrease in Ψm.
 The parameters used in this study have suitably proved that both the chemicals
play a role of being not only cytotoxic but also genotoxic. Overall, the results
revealed that EDC was more potent genotoxic agent than DCP.
 In conclusion, the results in modulation experiments showed that saffron petal
extract is not clastogenic and further indicates that the chosen concentration of
this extract reduce the EDC and DCP induced chromosome damage and MN
in the BMCs, concomitantly reducing DNA damage in peripheral blood cells
thus revealing a modulatory potential of Crocus sativus petal extract against
organochlorine induced genotoxicity. More investigations with SPE need to be
performed in rat models before suggesting its use in future trial studies in
humans.
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ABSTRACT
Dichloroethane is widely used as a solvent, degreasing agent and
in avarietyof commercial products, and is known forbeingaubiq-
uitous contaminant in the environment. Important sources prin-
cipally include the emissions from industrial processes, improper
consumption, storage, and disposal methods. In view of the fact
that the mechanism of its genotoxicity has not been satisfacto-
rily elucidated, the acute in vivo toxicological impact is assessed
in Rattus norvegicus. A systematic investigation has been made
involving the use of conventional methods along with molecu-
lar and flow cytometric approaches. The micronucleus and chro-
mosomal aberration frequencies were significantly elevated in
bone marrow cells exposed to three concentrations at multiple
treatment durations indicating positive time- and dose-response
relationships. The mitotic index significantly decreased in simi-
lar concentrations in contrast to normal control. Separate stud-
ies were performed on blood cells for comet assay. It revealed
dichloroethane-induced DNA damage in all exposures readily
explainable in a dose- and time-dependent manner. Recent
molecular techniqueswere further employedusing leukocytes for
the cell apoptosis/cycle and mitochondrial membrane potential
employingpropidium iodide staining and rhodamine-123, respec-
tively. The effect on mitochondrial membrane permeability, cell
cycle phases, and the DNA damage was analyzed through flow
cytometry. These indicators revealed dichloroethane treatment
decreased the mitochondrial membrane potential, affected the
cell cycle, and confirmed the DNA damage, leading to apoptosis
of the cells of the immune system responsible for immunotoxic
effects of dichloroethane on rat leukocytes.
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Introduction
The genotoxicity of pesticides in nontarget organisms and their influence on world-
wide ecosystems is of great concern.[1] Due to the heavy use of pesticides and the
consequent potential environmental impact, it is imperative to assess the geno-
toxic potential of manufactured chemicals such as organochlorines. This con-5
cern is shared by many researchers and agencies.[2–4] One such compound of the
organochlorine group is 1,2-dichloroethane (EDC), which has a major use as an
intermediate in the manufacture of vinyl chloride. It has also been utilized in the
production of tri- and tetrachloroethylenes, ethylamines, and trichloroacetic acid,
as well as a solvent, a metal degreaser, and as a finish remover. Other applica-10
tions include scavenging lead in gasoline, cleaning equipment and textiles, extrac-
tion of oil from seeds, processing animal fats, manufacturing pharmaceuticals,
and as a pesticide.[5,6] According to International Agency for Research on Cancer
(IARC) classification, EDC is considered to be possibly carcinogenic to humans
(Group 2B). However, American Conference of Governmental Industrial Hygien-15
ists has classified EDC carcinogenicity as A4, meaning not classifiable as human
carcinogen due to limited evidence derived so far. Overwhelming observations on
EDC focused on hepatic DNA, inducing strand breaks.[7,8] An early study how-
ever reported a low level of DNA alkylation in other organs as well.[9] DNA adduct
formation following exposure to EDC has been reported using different exposure20
routes.[10]
Some of the mutagenic studies did appear in Drosophila melanogaster using var-
ious conventional endpoints, sex-linked recessive lethal, and chromosome nondis-
junction. Inmany instances, these early studies demonstratedmutagenicity, but only
tested with a single dose as opposed to the recommended multiple doses by current25
Organisation for Economic Co-operation andDevelopment (OECD) guidelines[11];
therefore, these results cannot be considered positive. Taking account of the broad
use of organochlorines in general and EDC in particular, qualify for close scrutiny.
It is informative to consider studies with other important organochlorine com-
pounds tested for in vivo genotoxicity.[12–14] The most reliable genotoxicity evalua-30
tion in mammals is a combination of chromosomal aberration (CA) and micronu-
clei (MN) testing.[15] Therefore amicronucleus test (MNT), in conjunctionwithCA,
was preferred in the present study, among other sophisticated parameters, which
can give clues for both clastogenic damage and damage to the mitotic apparatus
with aneugenic consequences. Themitotic index (MI) assay, also undertaken in this35
investigation, is considered useful to characterize proliferating cells and to identify
compounds that inhibit or inducemitotic progression; thus it is an effectivemeasure
of cell proliferation kinetics in mammalian systems.[16,17]
The genotoxicity of any compound cannot be judged accurately by a single
parameter and the use of multiple genetic assays is a standard protocol; therefore,40
of late, some protocols directly endorsing DNA damage following chemical insult
have been favored. The comet assay is one such test; most suitable, fast, and prac-
ticed globally for assessing DNA damage with usefulness in biomonitoring.[18,19] In
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vitro studies on human lymphocytes with a greater focus on organochlorine pesti-
cides bear testimony to this.[20] 45
Flow cytometry is a powerful tool to reveal cell distribution in the three major
phases of cell cycle, G1, S, and G2/M, based on the analysis of cellular DNA content
detected by DNA intercalator; propidium iodide. It also allows quantification of the
percentage of apoptotic cells in the Sub G1 phase.
Among all the organelles involved in apoptosis, the role of mitochondria have 50
been deciphered the most in recent years.[21] Mitochondrial membrane potential
(m) integrity plays an important role not only in the induction of apoptosis but
also in the localization of various proteins into the mitochondria for cell prolifera-
tion and survival. The mode of action of organochlorines is linked to the activation
of mitochondrial intrinsic apoptotic pathway and to the perturbations in the cell 55
cycle progression.[22] The study of eukaryotic mitochondria could reveal the ener-
getic mode of action for EDC during acute poisoning of metabolizing tissues.[23]
In this study we attempt to provide a mechanistic basis for EDC-induced apopto-
sis observed in rat leukocytes by correlating alterations we detected in m and cell
cycle progression. 60
Molecular events leading to cyto- and genotoxicity caused by acute exposure to
EDC have not been systematically investigated, so the study was designed to pro-
vide a dose response relationship of mammalian mutagenicity and acute toxicity
of EDC by intraperitoneal route of administration, since there is not even a sin-
gle study available for evaluating the genotoxicity of EDC on these lines. There- 65
fore, the present study was conducted to determine if EDC can cause (i) cytoge-
netic and genotoxic alterations by CA, MNT, andMI assays; (ii) DNA strand breaks
by comet assay; (iii) cellular stress, measured in terms of changes in m; and (iv)
cell cycle alterations using flow cytometry; in white blood cells (WBCs) of exposed
rats. 70
Materials andmethods
Study design and experimental animals
The acute dose was calculated in accordance with OECD and further considered
revised draft TG September 2013 OECD guideline for the testing of chemicals.[24]
The dose and mode of administration was selected because this route of adminis- 75
tration would maximize the chemical exposure to bone marrow.[25]
The male Wistar rats were procured from Indian Institute of Integrative
Medicine, Jammu, quarantined and acclimatized, and then divided by stratified ran-
domization into 5 groups, each comprising five male animals, housed in stainless
steel wire cages. Two groups served as controls and three received treatments with 80
specific concentrations of EDC for a specified time with an injection volume of
100 μl. The regular feed was of commercial standard food and water ad libitum. All
the rats were 8–10 weeks old with an average body weight of 100 ± 2 gms and were
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kept in controlled conditions (12 h dark and light period, temperature; 22 ± 2°C
and humidity; 60%–70%). The sacrifice of rats was in compliance with the recom-85
mended regulations formulated by the Ethical Committees of the Aligarh Muslim
University, Aligarh and Indian Institute of Integrative Medicine, Jammu.
Reagents
1,2-Dichloroethane (EDC, CAS#107-06-2, 99.6%) was purchased from Sigma-
Aldrich Chemicals, Bangalore, India. Rhodamine 123 (Rh-123), propidium iodide90
(PI), sodium bicarbonate, phosphate buffered saline (PBS), tris buffered saline and
electrophoresis reagents were all purchased from Sigma Aldrich Co, USA. Becton
Dickinson FACS lysing solution was procured from San Jose, CA, USA. DNase-free
RNase was purchased from USB Corporation, USA. Tris buffer, bromophenol blue,
potassium chloride, methanol, colchicine, fetal bovine serum, Giemsa, and May-95
Grunwald stain were procured from Himedia Pvt Ltd, India. Glacial acetic acid,
cyclophosphamide, and trichloroacetic acid were obtained from Fisher Scientific
Ltd and Merck Specialties Pvt. Ltd, India. Remaining chemicals used were also of
molecular grade.
Treatment100
The stock solution of EDC was prepared by dissolving in distilled water. Sublethal
concentrations were calculated on the basis of median lethal dose (LD50), which for
EDC is 807 mg/kg b.wt.[26]The sublethal concentrations ranged from low (10% of
LD50; 80.7 mg/kg b.wt.), medium (20% of LD50; 161.4 mg/kg b.wt.) to high (30%
of LD50; 242.1 mg/kg b.wt.). All the concentrations administered intra-peritoneally105
having five animals per treatment. Bone marrow flushed and other cell types were
screened after completion of specified durations. Concurrently positive control
(cyclophosphamide; 40mg/kg b.wt.) andnormal control (water) run simultaneously
for comparative analysis of the data.
Bonemarrow cell experiments110
... Micronucleus test
The micronucleus test was carried out according to the protocol of Schmid[27] on
the rats treated with EDC. The flushing of bonemarrow cells (BMCs) from both the
femurs was collected as a fine suspension into a tube containing 1ml fetal bovine
serum (FBS). The centrifugation was carried out for 10 min at 1000 rpm. The pellet115
was resuspended in FBS. The suspension so prepared was smeared onto the pre-
cleaned slides and air-dried. The slides were fixed in 100% methanol for 5 min fol-
lowing the differential staining carried in May-Grunwald and Giemsa. The clearing
of slides for both (CA and MNT) was done in xylene and permanently mounted in
DPX.120
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Independently coded slides were tested for analyzableMNand the polychromatic
erythrocyte (PCE) to normochromatic erythrocyte (NCE) cell ratio was recorded.
The MN frequency expressed as mean percent micronulceated cells were scored by
analyzing the number ofmicronucleated PCEs (MNPCEs) in 2000 PCEs per animal.
The PCE:NCE ratio was taken to estimate the cytotoxic effect in 1000 erythrocytes 125
per animal.[28] The final observation and representative photography was carried
out at 100X (Olympus U-PMTV microscope mounted with optical zoom camera),
under oil immersion.
Chromosomal aberration assay
For the assessment of chromosomal damage, two hours prior to sacrificing of rats, 130
colchicine (0.004 mg/g b.wt.) was injected intra-peritoneally. The slide preparation
and the staining followed the procedural details of Preston and colleagues.[29] The
femurs were removed and bone marrow was flushed using a syringe containing
0.56% KCl solution, which served as hypotonic solution, pre-incubated for 30 min
at 37°C. Next, the suspension was centrifuged at 1500 rpm and the supernatant was 135
discarded. The pellet was fixed in glacial acetic acid:methanol (1:3 v/v). The suspen-
sion having the cells was then prepared for microscopic examination by placing 3–4
drops on precleaned, chilled, ethanol-dipped slides, flame, and air-dried, whichwere
stained with 5% Giemsa (25–30 min). Properly spread metaphases were randomly
analyzed for chromosomal aberrations and photographed at 100X in oil immersion 140
(Olympus U-PMTV microscope mounted with optical zoom camera).
The metaphase cells from 1000 cells per concentration per animal both in
exposed and control replicates, expressed in percentage were considered separately
for calculating MI.
Alkaline single cell gel electrophoresis assay 145
The DNA damage in our study was assessed by alkaline comet assay as described
earlier by Singh and colleagues[30] with some modifications. Before moving on to
the experiment, retro-orbital bleeding was employed for blood collection.[31] On
the slides precoated with normal melting agarose (NMA), a coat of 75 μl of 0.5%
low melting point agarose (LMPA) mixed with 10 μl of whole blood was added. 150
The coverslip was placed on the slide, kept on a slide tray resting on icepacks until
the agarose layer hardens (5–10 min). The coverslip was removed and the slide
was slowly lowered into a cold, freshly prepared lysing solution (pH = 10). A 1%
triton X-100 solution was added afresh to solubilize cellular proteins, leaving the
DNA as nucleoids in cold conditions for a minimum of 2 hours. Electrophoresis 155
was performed under pH> 13 alkaline conditions at 300 milliamperes and 24 volts
(∼0.74 V/cm) for 40 min. The slides were coated with neutralization buffer (pH =
7.5) dropwise and kept for 5 min, followed by staining the slides with 80 μl of 1X
ethidium bromide and dipped in chilled distilled water to remove excess stain. The
slides were examined under an Olympus fluorescence microscope (IX51) equipped 160
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with an excitation filter (510 nm) and a barrier filter (590 nm) at 40X magnification
using computerized image analysis system (Komet 5.5).
Flow cytometric methods
Isolation ofWBCs
The blood collected from retro-orbital plexus of sensitized rat in 0.1% EDTA was165
used in this study also. After the incubation of blood for 30 min at room tempera-
ture in the dark, 500 μl of it was taken in a centrifuge tube and 1 ml FACS lysing
solutionwas added to it and further incubated for 10min. The cells were centrifuged
(2000 rpm) for 10min at 25°C, the supernatant was discarded and the pellet washed
in 1 ml FACS lysing solution and centrifuged again for 5 min (2000 rpm). This step170
was repeated twice. The pellet was suspended in 500 μl of PBS having only WBCs
in it.
Cell cycle phase distribution
The effect of the test agent on different phases of the cell cycle in leukocytes was
explored by flow cytometry. Completion of treatment durations was followed by175
harvesting of leukocytes by centrifugation at 1000 rpm (5 min). The harvested cells
were washed twice with PBS, fixed in 70% cold ethanol for 48 h. After fixation, the
cells were washed again with PBS, and subjected to RNase digestion (400 μg/ml) at
37°C for 45min. Finally, the cells were incubated with propidium iodide (10μg/ml)
and analyzed immediately with a FACS ARIA II flow cytometer (Becton Dickinson,180
USA). The fluorescence intensity of sub-G1 cell fraction represents the apoptotic cell
population. A total of 10,000 events were acquired for cell cycle analysis.[32]
Measurement of mitochondrial membrane potential (m) for cellular energy status
The method of Majeed and colleagues[33] was followed for flow cytometric mea-
surements of change in m as a result of mitochondrial perturbation using the185
fluorescent dye Rh-123. For this, the leukocytes were incubated with 5 μM Rh-
123 for 60 min before the termination of the experiment. Cells were washed with
PBS at 1500 rpm for 5 min at room temperature and the pellet was re-suspended in
300μl PBS. The decrease in intensity of fluorescence due to a decrease inmamong
10,000 cellular events was analyzed in the FITC channel using a FACS ARIA II flow190
cytometer. Leukocytes were identifiedwith the characteristics of forward scatter and
side scatter. A similar gate was used to reduce debris and other contaminants for all
groups.
Statistical analysis
The results were expressed as mean values with standard error (mean ± S.E.).195
All the treatments performed in triplicate for every parameter. Statistical analy-
sis was performed using Statistical Package for Social Sciences (SPSS) Version 20.0.
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Table . Micronuclei induction in polychromatic erythrocytes observed in the bone marrow cells of
Rattus Norvegicus treated in vivo with diﬀerent doses of dichloroethane at various durations.
Group & Dose Time (h) Total PCEs Scored
Total Number of
MNPCEs
Mean Frequency of
MN per  PCEs
± S.E. P/N Ratio
Normal control
(NC)
   . ± . . ± .
   . ± . . ± .
   . ± . . ± .
Positive control
(PC) ( mg/kg
b. wt.)
   . ± .∗∗ . ± .∗
   . ± .∗ . ± .∗
   . ± .∗ . ± .∗
EDC I (. mg/kg
b.wt.)
   . ± .∗ . ± .∗
   . ± .∗∗ . ± .∗∗
   . ± .∗ . ± .∗∗
EDCII (. mg/kg
b.wt.)
   . ± .∗∗ . ± .∗∗
   . ± .∗∗ . ± .??
   . ± .∗ . ± .∗∗
EDCIII (. mg/kg
b.wt.)
   . ± .∗∗ . ± .∗∗
   . ± .∗∗ . ± .∗∗
   . ± .∗∗ . ± .∗
Normal control (water); positive control (cyclophosphamide); EDC I (. mg/kg b.wt); EDC II (. mg/kg b.wt); EDC III
(. mg/kg b.wt);PCEs (Polychromatic erythrocytes); MNPCEs (micronucleated polychromatic erythrocytes);
∗statistically signiﬁcant values at.
∗ p<., ∗∗p<., ∗∗∗p<.(One way ANOVA, post hoc Tukey).
Statistical significance of the difference was defined as p< 0.05 using one-way anal-
ysis of variance (One way ANOVA); post hoc Tukey.
Results 200
Micronucleus test
The results of the MN assay for dichloroethane (Table 1) showed significant
time- and dose-dependent increase in micronucleated polychromatic erythrocytes
(MNPCEs) in rats treated with EDC. The maximum number of micronuclei induc-
tion in PCEs was observed on administration of the highest dose, registering amean 205
frequency of 5.67 ± 1.45 at 24 h (Table 1). However a significant decrease in mean
number of MNPCEs was observed at each concentration and duration (p < 0.05).
The cytotoxicity indicator P/N ratio reflected dose dependent depression for each
concentration.
Chromosomal aberration 210
These results have been presented in Table 2 with a maximum significant chromo-
somal aberration of 6.34 ± 1.69 observed at highest concentration in 24 h post-
treatment (p < 0.05). Comparatively, the injurious effect of CA was found lesser
in other two durations of each concentration. The exposed groups differ signifi-
cantly on comparison with control groups as the one way ANOVA; post hoc Tukey 215
is applied. The observed aberrations include breaks, gaps, translocations, stickiness,
pulverization, acentric fragments, dicentrics, and polyploidy, whichwere not unique
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Table . Incidenceof in vivodnadamage in rat blood cells exposed to various doses of dichloroethane
at multiple durations.
Group & Dose Time (h)
Mean Head
DNA± SEM
Mean Tail DNA
± SEM
Mean Tail
Length± SEM
Mean OTM±
SEM
Mean Tail
Coeﬃcient±
SEM
Normal control
(NC)
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
Positive control
(PC) ( mg/kg
b. wt.)
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
EDC I(. mg/kg
b.wt.)
 . ± .∗∗ . ± .∗ . ± .∗ . ± .∗∗ . ± .∗
 . ± .∗∗∗ . ± .∗∗ . ± .∗∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗∗ . ± .∗∗ . ± .∗∗∗ . ± .∗∗
EDC II
(. mg/kg
b.wt.)
 . ± .∗∗ . ± .∗ . ± .∗∗ . ± .∗∗ . ± .∗
 . ± .∗∗ . ± .∗∗ . ± .∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗∗ . ± .∗∗ . ± .∗∗∗ . ± .∗∗
EDC
III(. mg/kg
b.wt.)
 . ± .∗∗ . ± .∗ . ± .∗∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗
Normal control (water); positive control (cyclophosphamide); EDC I (. mg/kg b.wt); EDC II(. mg/kg b.wt);
EDCIII(. mg/kg b.wt); Olive tail moment (OTM);∗statistically signiﬁcant values at.
∗ p< ., ∗∗p< ., ∗∗∗p< . (One way ANOVA, post hoc Tukey).
for any treatment qualitatively; however, a dose- and time-dependent increase in
total aberrations was observed. The study was further extended to observe MI to
characterize proliferating cells. A significant dose-dependent reduction in the MI 220
(Table 2), points to inhibitory effect on cell division.
Comet assay
The assay gave an insight of DNA damage in a single cell. The results of DNA dam-
age induced by EDC expressed as mean tail DNA, tail length, andOlive tail moment
(OTM) of comet have been summarized in Table 3with representative cometmicro- 225
graphs in Figure 1. Treatment of rats with different concentrations of EDC at multi-
ple durations resulted in a significant elevation in the migration of DNA (p < 0.05)
when compared with the normal control. EDC caused a dose- and time-dependent
increase in theOTM, indicating an increase inDNAdamage as a function ofmedian
OTMof the comet at all the post-treatment concentrations and durations. Themax- 230
imum DNA damage 19.87 ± 1.14 was observed at highest concentration at 24 h
(Table 3). The images clearly indicate and the table authenticate that when blood
B/w in print, colour online
Figure . Representative comet images of control (a) and dichloroethane exposed blood cells of Rat-
tus norvegicus treated in vivo with diﬀerent doses of dicholoroethane showing slight (b) medium (c)
and highly damaged cells (d) exhibiting increasing DNA fragmentation.
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cells were exposed to EDC, the percentage of DNA in the tail of the comet as well as
the tail lengthwas substantially increased.With increasing doses,moreDNAmoved
out of the comet head as shown in the representative Figure 1(b-d), alternatively no235
tail was observed in the control (Figure 1a).
Cell cycle analysis
The effect on cell cycle phase distribution was observed on treatment of differ-
ent EDC concentrations in Rattus norvegicus after 24, 48, and 72 h durations. In
24 h treatment, EDC induced a maximum apoptotic cell population of 38.0 ± 2.71.240
For normal control the apoptotic percentage was 8.9 ± 0.72, and positive control
(cyclophosphamide; 40 mg/kg b. wt.) showed 100% cell population in the apoptotic
phase (Table 4). In 48 h treatment of EDC, apoptotic cell population increased com-
paratively compared to the normal control. In 72 h treatment, the apoptotic cell pop-
ulation increased further with maximum apoptotic cell percentage of 86.3± 5.01 at245
the highest concentration compared to the respective normal control of 10.3± 0.64
(Table 4).
It is thus concluded that EDC showed both concentration- and time-dependent
increase in the apoptotic cell percentage of WBCs. Thus the compound inflicted
significant apoptosis in rat WBCs in time- and dose-dependent manner.250
Analysis ofmitochondrial membrane potential
After EDC treatment (10%, 20%, and 30% of LD50), Rattus norvegicus were exam-
ined for the effect onm inWBCs after 24, 48, and 72 h; measured by flow cytome-
try. EDC showed both concentration- and time-dependent decrease inm in all the
Table . Flow cytometric analysis of cell cycle phase distribution in rat WBCs after propidium iodide
staining treated with diﬀerent doses of dichloroethane at various durations.
Group & Dose Time (h) Sub-G G S G/M
Normal control(NC)  . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± .
Positive control
(PC) ( mg/kg
b. wt.)
  ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± .
EDCI (. mg/kg
b.wt.)
 . ± . . ± .∗∗ . ± .∗∗∗ . ± .∗∗∗
 . ± . . ± . . ± .∗∗∗ . ± .∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
EDCII (. mg/kg
b.wt.)
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .
 .± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗
EDCIII (. mg/kg
b.wt.)
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
Normal control (water); positive control (cyclophosphamide); EDC I (. mg/kg b.wt); EDC II (. mg/kg b.wt); EDC III
(. mg/kg b.wt);Sub-G, G, S and G/M represent diﬀerent phases of cell cycle along with the mean percentage of
cells± S.E.; ∗statistically signiﬁcant values at
∗ p < .; ∗∗p < .;∗∗∗p < .(One way ANOVA, post hoc Tukey).
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Table . Inducedmdecrease in rat WBCs exposed to diﬀerent concentrations of dichloroethane at
various durations in ﬂow cytometric analysis.
Meanm± S.E.
Group & Dose Time (h) Neutrophils Monocytes Lymphocytes Platelets Eosinophils
Normal control
(NC)
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
Positive control
(PC) ( mg/kg
b. wt.)
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
 . ± . . ± . . ± . . ± . . ± .
EDCI (. mg/kg
b.wt.)
 . ± .∗ . ± .∗∗∗ . ± .∗∗∗ . ± . . ± .∗
 . ± .∗∗∗ . ± .∗∗∗ . ± . . ± .∗∗∗ . ± .∗∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
EDCII (. mg/kg
b.wt.)
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ .. ± .∗∗∗ . ± .∗∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
EDCIII (. mg/kg
b.wt.)
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
 . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗ . ± .∗∗∗
Normal control (water); positive control (cyclophosphamide); EDC I (. mg/kg b.wt); EDC II (. mg/kg b.wt); EDC III
(. mg/kg b.wt);∗statistically signiﬁcant values at
∗ p < ., ∗∗p < ., ∗∗∗p < .(One way ANOVA, post hoc Tukey).
WBC types (Table 5). However, maximum significant effect on m was observed 255
in neutrophils (p< 0.05). The representative flow cytometric images have been pre-
sented in Figure 2. It is also worthmention here that EDCwas effective in decreasing
m even in 24 h treatment. Our results suggest that the apoptotic induction is the
result of decrease in m inWBCs.
Discussion 260
The serious lack of studies on genotoxic effects of EDC in mammalian mod-
els prompted this investigation on Rattus norvegicus. Our results show that the
test chemical induced significant cytogenetic damage in BMCs evidenced by the
increase in MN and CAs. The increase in MNPCEs, especially 24 h post-treatment
thereafter, a gradual decrease at other two durations is noteworthy and quite oppo- 265
site to an earlier study by Jessen and colleagues.[34] The cytotoxicity indicator P/N
ratio reflects a dose-dependent depression in most cases is also clearly evident. The
alteration in the ratio may be due to accelerated differentiation from erythroblasts
B/w in print, colour online
Figure . Representative ﬂow cytometric images of the eﬀect of dicholoroethane on mitochondrial
membrane potential (m). Induced m decrease in rat WBCs on treatment of diﬀerent concentra-
tions of EDC at  h duration. Figures show the representative FACS images from a single animal
exhibiting decline in the Rh- ﬂuorescence as a function of EDC concentration in Neutrophils. P
and P respectively represent mean percentage of intact and decreased m in Neutrophils. Similar
experiments were performed for Monocytes, Lymphocytes, Platelets, and Eosinophils at  and  h.
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to form erythrocytes, inhibition of erythroblast division or impaired erythroblast
division recovery.[35]270
During our observations on CAs, a surge in aberrations in the early duration and
a decline in later intervals could be due to a number of factors such as elimination
of chemical or metabolites from the body, repairing of the damaged genetic mate-
rial and removal of chromosomes with damaged genetic material.[36] The ability of
EDC to inhibit or induce mitotic progression indicates a possible cellular death or275
delay in cell proliferation kinetics; similar observations were reported by Öcal and
associates[37] and Sant’Anna and colleagues.[38]
Similar to related organohalides, EDC is a potent agent of DNAdamage. Recently
Blasiak and colleagues[39] and Hossain and researchers[40] suggested that such
chemicals interact with cellular DNA by producing free radicals through direct280
or indirect effects and thereby create DNA lesions in the exposed cell types. This
may culminate in the occurrence of cell cycle disturbances and aberrant mitoses
leading to cell death. Thus, the primary target of chemical damage by EDC is
nuclearDNA.[41,42] Previous investigations of the induction of strand breaks by EDC
focused on hepatic DNA.[7,8]285
It has been reported earlier that EDC can increase the frequency of micronuclei,
anothermarker of DNAdamage, in threemetabolically competent human cell lines:
AHH-1, h2E1, and MCL5.[43] The comet assay indicates that the maximum DNA
damage observed 24 h post-treatment of EDC at the highest concentration is in
concordance with the previous studies.[44,45] It must be noted that even the lowest290
concentration of EDC increasedDNAdamaging effect significantly when compared
with untreated control; as has been concluded byCheng and colleagues[46] in human
lymphocytes.
Jagetia and Adiga[47] and Jagetia and associates[48] suggested that accumulation
of DNA damage is the hallmark of cell death. The increased Olive tail moment295
found in the present scenario is a pointer to this effect and may be due to direct
induction of DNA strand breaks or modification in DNA that can turn into
strand-breaks.[49,50] Also the conjugation reaction of EDC with GSH catalyzed by
glutathione S-transferase(s) to yield S-(2-chloroethyl)-glutathione, a sulfur-half-
mustard that has been demonstrated to be an alkylating agent. The structure S-300
[2-(N7-guanyl)ethyl]GSH was proposed as the major DNA adduct following GSH
conjugation in multiple test systems exposed to EDC and being potent in inducing
mutations including S-(2- chloroethyl)-L-cysteine and N-acetyl-S-(2-chloroethyl)-
L-cysteine.[45] Although some mutagenic studies of EDC did appear in insects
and plants producing sex linked lethal, chromosome nondisjunction, and strand305
breaks.[51]
The induction of DNA damage by EDC cannot be ascribed to a single mecha-
nism but may be due to interplay of several different mechanisms. Other than these
mechanisms, apoptosis induction for enhanced cytotoxicity and operation of other
unknown mechanisms in producing the chemically induced DNA damage by EDC310
cannot be ruled out. The exact mechanism of DNA damage by EDC is not fully
understood.
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In our study, exposed cells with DNA damage showed an increase inmigration of
DNA fragments (comet tail) from the nucleus (comet head), which is considered a
feature closely associated with the necrotic/apoptotic death process.[52,53] Apoptotic 315
form of cell death is characterized by DNA fragmentation. One of the knownmeth-
ods used for confirming DNA fragmentation is cell cycle analysis by flow cytometry.
Themeasure of apoptosis is the fraction of cells in sub-G1phase, indicating theDNA
of these cells has undergone fragmentation and DNA loss. Further, the position of
sub-G1 peak can provide us further information about apoptosis and distinguish it 320
from necrosis. Necrosis can peak into sub-G1 area but close to G1 due to the loosely
packed DNA while apoptosis peak will be far off from G1 towards y-axis as DNA
underwent fragmentation and florescence falls drastically.
Moreover, EDC action of apoptosis-induction and its underlying mechanisms
were accordingly studied using flow cytometry. Thus far, to our knowledge, no study 325
has been conducted to provide insight into the cytotoxic effects of EDC on WBC
functions and their mechanism of action in vivo; therefore, the potential mecha-
nistic action of EDC should be elucidated for its health risk assessment. Flow cyto-
metric assays have been applied for evaluating cell activities to screen the toxicity
of xenobiotics.[54,55] Therefore, the present study was conducted to provide highly 330
reliable results using flow cytometric approach.
Our analyses of cell cycle distribution showed that EDC can induce apoptosis in
a time-dependent manner in rat leukocytes. Physiologically, apoptotic cells signifi-
cantly contribute in immune suppression[56]; therefore, the action of EDC-induced
apoptosismight reduce the number of functional leukocytes with concurrent reduc- 335
tion in lymphocyte number and as a result lower levels of immune function as
observed by Munson and colleagues[57] in CD-1 mice, wherein EDC elicited an
immunotoxic response with a significant dose-related reduction in IgM response
to sheep erythrocytes and an accompanying 30% decrease in total leukocyte num-
ber. The various other molecular mechanisms of the EDC effect need to be further 340
investigated.
Themitochondrial pathway, characterized by the increasedmitochondrial mem-
brane permeability and the subsequent release of cell death mediators from the
mitochondria is one of the important apoptotic pathways for the cells of the immune
system.[58,59] In the present research, m decreased in EDC exposed cells of the 345
immune system at all the post-treatment durations in a concentration-dependent
manner, these results are in coherence with the hypothesis that m decrease is a
cellular event in the mitochondrial driven apoptosis.[60,61]
The significant decrease in mmay release the apoptogenic signals that activate
caspases, which mediate the activation of apoptotic signal transmission.[62,63] Our 350
observations confirmed that EDC induces apoptosis, suggesting that EDC can target
them-related apoptotic pathway. Further, our results indicate that the decrease in
m in rat WBCs correlated with EDC concentration and exposure time, suggest-
ing that EDC may act as an uncoupler of oxidative phosphorylation in mitochon-
dria, which diminishes membrane potential in a concentration-dependent manner. 355
This provokes the idea that at higher concentrations EDC is more toxic to oxidative
14 M. I. LONE ET AL.
phosphorylation in mitochondria similar to the effects described by Cetkauskaite
and associates[23] for the dianaline herbicide pendaimethalin.
Flow cytometric methods have been widely used for clinical research; however,
its applicability has been limited to a few immunotoxicological evaluations. It has360
been demonstrated in the present work and in other studies[64,65] that flow cytomet-
ric methods are promising alternatives to standard genotoxicity testing approaches
using cell monolayers and in vivo screening assays.
Conclusions
Thus, based on information available, we propose that EDC produces clastogenic-365
ity in rat BMCs in a dose- and time-dependent manner under the experimental
conditions used for this study. The results of MNT, CA, and MI assays elucidate a
plausible mechanism of induction of cytogenetic damage. These molecular analyses
led us to conclude that EDC has a potential for inducing cellular and genetic toxic-
ity, manifested as DNA damage in the peripheral blood, disturbances in cell cycle,370
m dysfunction, activation of apoptosis, and appearance of SubG1 apoptotic peak
in cell cycle in the cells of the immune system in treated Wistar rats.
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